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My dear Faraday, 

To you I dedicate this attempt to place amongst the 
elements of science the great discoveries with which you have 
adorned this prolific age. I know that you will not be displeased 
that I have tlionght them capable of being made the subject of 
familiar teaching. 

The success of oven this humble effort, should I not fail in 
my purpose, will be owing to you ; for to your kind encourage- 
ment and ever ready explanations I owe the facilities which I 
have enjoyed in following you closely in your splendid career. 

I must, however, bo careful not to make you responsible for 
too much. You know that the consequence of repeating all 
your experiments has been that I have myself been led to expe- 
riment ; and it may be that I have incorporated with your views 
speculations of my own of by no means so just a nature. My 
unaffected conviction is, that, in what I may differ from you, 
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mine will be founil to be the error, w^jilo ycnirs must be the chief 
credit in what we may agree. 

But whatever you may think of my philosophy, T have the 
happiiicsH to feel assured that you will not lightly regard the 
sentiment of sincere affection with which I subscribe myself, 

My dear Bakaday, 

Your faithful lYiciid, 

J. FhEDEiac DAKIELL. 



PllEFACE. 


The origin of the following work was a desire to present 
to students of chemistry an elementary view of the 
discoveries of Dr. Faraday in Electrical Science. From 
the very first publication of his Ed>perimcntal Researches 
in. ElectriciUj, I have felt that from them Chemical Philo- 
sophy will date one of its most sjdendid epochs; and 
perceiving, at the same time, that the results bear upon 
them the great impress of natural truths, namely, that 
they simplify while they extend our views, I have, from 
the first, availed myself of them in my instruction to my 
classes. I have enjoyed particular advantages in doing 
this from the kindness of the discoverer, for in every 
difficulty which arose, he has assisted me with his expla^- 
nation and advice. At the same time, Avhen consulted 
by my pupils upon the best mode of following up the 
oral instruction of lectures by the study of the subject in 
books, as they must do who intend to derive benefit from 
such instruction, I have been greatly at a loss to direct 
them. 
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The successive memoirs of an experimental philoso- 
pher, who, from time to time, communicates his views as 
they open out to him during the progress of his disco- 
veries, must necessarily bo better adapted to the study of 
the proficient, than to the instruction of the beginner; 
and long periods of time often elapse before the facts 
which they record find their places in general systems. 

After some solicitation and much hesitation, I deter- 
mined to make an effort to supply a want, which, I was 
perpetually reminded, was urgent, and which did not 
appear to be likely to be soon supplied from any other 
quarter. 

Upon considering the best mode of carr}ang this 
design into execution, I became convinced that the great 
doctrine of “ Definite Electro-chemical Action,” and the 
laws of “ Electrolysis,” could not be simply and intelli- 
gibly stated without a iireliminary notice, on the one 
hand, of the force of local aflRnity and the laws of 
definite, multiple, and equivalent jiroportions in chemical 
combination; and, on the other hand, of the force of 
electricity and the laws of electric charge and discharge 
in matter. A clear description, again, of the action of 
heterogeneous particles upon each other requires a dis- 
tinction, which has not been sufficiently attended to, to 
be drawn between Heterogeneous Adhesion and Chemical 
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Affinity; and it is impossible now to treat of Electricity, 
without describing the phenomena of its constantly- 
associated force Magnetism. 


Thus, I was gradually led to include in my plan such 
a preparatory view of the forces which may bo said to 
concur to the production of chemical phenomena, as it 
is absolutely necessary to the student to master, who 
aspires to comprehend the Philosophy of Chemistry, or 
any thing beyond the mere manual o2)erations of practical 
chemistry. 

It has not been a part of my design to construct a 
system or manual of chemistry : several excellent works 
already exist, which render such an undertaking quite 
unnecessary; but I am not without hoi)e that the fol- 
lowing j)ages may bo considered as a fit i)rei)aration for 
the study of such systems. 

In executing my task, it has been my aim to lead 
the student by a more natural method, — that is, more 
gradually from the known to the unknown — than 
that which is generally adoi)ted in our elementary 
books. 

In short, if I shall be deemed to have failed in 
simplifying and facilitating the student’s path to the 
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comprehensive science of chemistiy, I have failed in the 
sole object of my undertaking. 

In such an elementary work, I have, of course, freely 
made use of the labours of others, and I regret that my 
limits have jirevented me from mentioning, at all times, 
the names of those illustrious 2>hilosophers, either living 
or dead, to whom we are indebted for the observation of 
jdieiiomena, and the fundamental inductions U2)on which 
the fabric of science rests. The history of the science 
of chemistry alone would fill a volume. 1 have, however, 
subjoined a list of those systematic works to whose 
assistance 1 have been most indebted. 

I have judged it best in the arrangement of my 
work, to throw all the graphic illustrations of diagrams, 
or other figures, into the form of notes ; and the exjila- 
nation and etymology of scientific terms, of words of 
unfamiliar use, and of words to which it is desirable that 
the student should attach more definite ideas than are 
usually suggested by common parlance, I have given 
in a Glossary. The jirincipal facts and reasoning of the 
text will thus be unintcrru2)ted by extraneous matter, 
which, however imjjortant as a subsidiary means of ex- 
idanation, might often confuse the steps of the induc- 
tion; and those Avho are acquainted with the teims 
cmi)loyed, Avill not be delayed by definitions which they 
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do not need. It is, however, a caution which cannot be 
too strongly impressed upon every student, never to pass 
over a term which he does not understand, without 
seeking its explanation. 

It only remains for me now, to acknowledge my 
obligations to my friends and colleagues, Professor Wheat- 
stone and Dr. Todd, for their great kindness in under- 
going the disagreeable labour of revising’ and correcting 
the proof sheets. They have thereby prevented many 
errors, which would otherwise have deformed the work. 
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INTRODUCTION TO CHEMISTRr, 


§ 1. Experience, or the repeated evidence of our senses, and 
the irresistible persuasion of the mind, that “ like causes will ever 
produce like effects,” constitute the sound foundation of natural 
knowledge. 

The convictions arising from these impressions have directed 
the intellect of man, in all ages and in all stations, to control the 
powers which have boon imparted to the material universe to his 
own advantage ; the maintenance of a bare existence in savage life 
being dependent upon them no loss than the polished arts of 
civilized society. It is strange, however, to remark how long a 
time elapsed, even in a state of high intellectual culture, before 
it was discovered that the same principles which teach the mere 
child that fire will burn, that water will flow, and that a moving 
stone will inflict a blow, and to guide his conduct accordingly, 
would load to that higher acquaintance with the powers of nature, 
which we distinguish by the title of natural philosophy. The 
powers of reason had been exercised with success upon abstract 
science for ages before the voice of Bacon proclaimed, and insisted 
earnestly upon, the advantages of extending experience by experi- 
ment, and of adopting the accurate observation of pheytomena^ as the 
only safe guide in physical investigations ; but from the moment 
that this course was entered upon by the patient student of nature, 
natural science has advanced with a constantly accelerating progress, 
extending the power of mind over the forces pertaining to matter in 
a corresponding* degree. 

It deeply concerns the student who proposes to himself to enter 
upon any branch of such investigations, that he should have a right 
perception of these truths; that he should correctly distinguish 
the difference between abstract, and natural science, and clearly 
perceive the road along which his course must tend. 

The contrast of those two great divisions of science has been 
forcibly represented by one of the living masters of both. “ A clever 
man,” Sir John Herschel has observed*, “shut up alone, and 
allowed unlimited time, might reason out for himself all the truths 

* Hsrschbl*s Discourse on Natural Philosophy^ p. 76. 

B 
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EXPERIENCE AND EXPERIMENT. 


of mathematics^ by proceeding from those simple notions of space, 
and number, of which he cannot divest himself, without ceasing to 
think; but he could never tell, by any effort of reasoning, what 
would become of a lump of sugar, if immersed in water ; or what 
impression would be produced on the eye by mixing the colours 
yellow and blue.’’ 

§ 2. Experience, then, must be his guide; not the mere 
passive experience of observation, but the active experience of expe- 
riment : that is, he must not only carefully observe phenomena as 
they spontaneously present themselves to him in the ordinary course 
of nature, but he must purposely contrive and vary circumstances, 
in order that he may observe them. 

To personal experience ho must also add the well-attested 
experience of others ; and the experience of past ages, as well as of 
the present ; and as by following this course the generality of man- 
kind attain to such an acquaintance with the properties of matter 
as ensures their comfortable existence, with which sensual object 
they are content ; so he has but to persevere in the same, and it will 
lead him to that intimate knowledge of the order of creation, which 
constitutes science, and which is an object of ambition worthy of 
a rational creature. 

The immediate wants of their nature early taught the human 
race to direct the agency of heat to their supply ; and the accumu- 
lated experience of ages, widely diffused, has given the most unre- 
flecting a command over that principle which strongly contrasts 
with the general ignorance concerning the no less general and 
powerful principle of electricity^ the very existence of which could 
scarcely be said to have been recognised till within the last century. 
When well-directed observation shall have been brought to boar 
upon this all-pervading power, as upon the former, it is scarcely 
possible to indulge too sanguine hopes of the practical advantages 
which may flow from such extended knowledge,' The forces of 
nature, indeed, are the powerful, but submissive, servants of man ; 
and through their agency he has been endowed with a subordinate 
power of creation ; but their respective actions have been limited by 
laws which cannot be transgressed ; and in a knowledge of these 
limits consists the secret of their application. 

§ 3. There are two great mistakes which are commonly 
committed by those who enter upon a systematic course of physical 
inquity ; and not only by those who are commencing, but by those 
who undertake to direct such studies : the first is, the neglecting to 
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form a proper connexion with previously acquired knowledge, — 
the undervaluing the results of their ordinary experience as parts of 
the system, — ^as the first rounds of that intellectual ladder by which 
they aspire to scale the loftier heights of philosophy : and the second 
is, the substitution of names for things, — the vague acquirement of 
certain terms, certain forms of expression, instead of a real under- 
standing of objects and principles to which they have been applied ; 

terms of ignorance, and of superficial contemplation,’’ as Lord 
liacoii calls them. 

The process may be repulsive to the too common self-sufficiency 
of imperfect knowledge, but when invited to reflect and reason upon 
the simple observations of childhood (simple indeed, but not more 
easy than those which he will be called upon progressively to make), 
the student ought to feel no more offence than when in the outset 
of his geometrical studies he is referred to the axioms, or self-evident 
truths, that “things equal to the same are equal to one another,” 
and “ the whole is greater than its parts.” It is from the known 
that he must ascend to the unknown, and it is all-important that 
he make his footing sure, and miss no step by the way. 

§ 4. Something more, in fact, is necessary than the mere 
observation of jdieiiomena ; there must be a process of reflection 
upon the evidence of our senses : — ^the foundation must be crowned 
with a superstructure of thought and reason. 

I^rofessor AVhewell, in his recent History of the Inductive 
Sciences^ has accurately remarked *, that “ two things are requisite 
to the formation of science ; — facts and ideas ; observation of things 
without^ and an inward eftbrt of thought ; or, in other words, sense 
and reason. Neither of these elements, by itself, can constitute sub- 
stantial general knowledge.” It is owing to a defect in this mental 
process that different arts have often attained to a considerable 
degree of perfection long before they could be said to form parts of a 
general structure of science. The. chemical arts of glass-making, 
metallurgy, dyeing, and many others, were known to the ancient 
Egyptians, who, probably, wore utterly ignorant of the principles of 
chemical philosophy. 

The aim of the student then must be not only to obtain distinct 
facts, but clear ideas of the connexion of those facts. Now it is by 
processes of thought, and operations of mind, which are quite 
familiar, that the observations of experience and experiment are 
connected into the order and structure of science ; for the principles 
of natural philosophy are but the principles of common sense. 

* Whewell’s History of tlie Inductive Sciences, Vol. i. p. C. 
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INDUCTIVE EBASONING. 


In the ordinary occurrences of life we are struck with some 
appearances, — ^some phenomena we may call them, — ^which are out 
of the ordinary course of our experience: the mind immediately 
suggests the familiar inquiry, ‘‘What can these bef’ We form 
a conjecture, and we try whether the. supposition will include all the 
circumstances of the case ; we reject it, and we guess again ; and we 
proceed in this tentative method till our reason is satisfied that wo 
have taken a right view of the subject. The formal course of philo- 
sophy differs not from this. 

Amongst a variety of facts, or phenomena, collected together as 
having some general resemblance or connexion with each other, some 
governing principle is sought, which may apply successfully to the 
explanation of all their varieties; — suppositions, guesses, or hypo- 
theses^ are first attempted ; some with greater, some with less extent, 
but all, perhaps, without success; each after each failing in the 
solution, for want of generality and comprehensiveness ; till at 
length, after infinite labour on the part of the inquirer, the law is 
evolved ; or a governing principle which combines all together in 
one comprehensive view, or theory. When by this simple, but 
laborious process of induction,, the mind has once been led up to such 
laws of nature,, they are found to be distinguished by their exceeding 
simplicity both of form and essence. 

The full force and range of their application are, however, only 
manifested when, subsequently to their discovery by this inducthe 
process,, they are employed in the converse process of deduction,, 
to resolve the various cases which were originally proposed to be 
determined, and are found to include under their government not 
only these but a host of others, which were not contemplated in tho 
first investigation. It is then that the most ignorant and simple- 
minded are capable of understanding what appears to be almost 
self-evident; and the multitude of such governing principles, so 
established and registered in her archives, constitutes the great advan- 
tage of modern science. 

§ 5. In framing the hypotheses,, or suppositions which com- 
monly precede tho discovery of the real laws and true theory of 
phenomena, there is one useful guide which is so often referred 
to as to render it expedient to explain its nature and appellation, 
and that is analogy,, or similitude. Design soon becomes apparent 
in the order of creation; and this design, as far as our limited 
faculties can trace it, is uniform; and in the system of the universe 
every part is doubtless proportioned to the whole. No intelligence 
but that of Omniscience can comprehend the plan — ^the theory of the 
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universe : but, from the plan of such small portions as have been 
mastered, we are often enabled, successfully, to anticipate the order 
of other portions ; and thus to obtain a guide to experiment, to which 
the ultimate appeal must always be made. Analogy^ therefore, may 
serve to suggest and limit hypotheses; and of such conditional specu- 
lations we have the highest authority for saying, that “ a facility in 
framing them, if attended with an equal facility in laying them aside 
when they have served their turn, is one of the most valuable quali- 
ties a philosopher can possess 

§ 6. Now, to apply these few plain principles to our present 
purpose : — With regard to precision of terms, the more enunciation 
of the object of the following pages will afford us an opportunity of 
exemplifying and enforcing our meaning ; it is an inquiry into the 
FORCES OR TOWERS OF MATTER. Let US cudcavour to ascertain and define 
the meaning of the expressions matter and force : the words are of 
common occurrence ; but have we that distinct notion of them, those 
clear ideas concerning their import, which it behoves us to have, in the 
strict and accurate investigation upon which wo are about to enter ! 

§ 7. Our first knowledge of matter is derived from our touch : 
a consciousness of resistance in surrounding objects to this sense with 
which our bodies have been endowed, impresses us with a convic- 
tion of their substance ^ — of their extension ^ — of ihQiv impenetrability^ 
—of their power, that is, to exclude every thing of the same kind 
from being in the same place. This tactile property is possessed by 
different parts of the skin, in very different degrees ; and some parts 
of the body, from their peculiar organization, are capable of much 
more delicate impressions from objects with which they may be 
placed in contact than others. With regard to extension, for 
instance, it appears, from the experiments of Weber, that the tips 
of the fingers, or the tongue, are capable of appreciating the distance 
between the points of a pair of compasses which are only one line 
apart; while the arm or the thigh would confound the two impressions 
together, even at the distance of thirty lines. Those whose touch has 
been educated by practice can rule, by their feeling, fine linear divi- 
sions which are totally inappreciable to the most experienced eye. 

Different degrees of resistance may even inform us of the 
different states in which matter exists : a touch will satisfy us 
that the parts of some bodies are immoveable amongst each other ; 
that the particles of others are moveable with little resistance; 
while the passing breeze of air will convince us that matter 
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CONSTITUTION OP MATTER. 


exists in a form which yields to the lightest breath. A little 
reflection upon our sensations may thus establish a difference between 
zolid^ liquid^ and aeriform matter. Experience, again, and the oft- 
repeated experiments, it may be said, of infancy, teach us to combine 
observations of touch with those of sight and hearing ; and thus we 
learn to substitute the indications of one sense for those of another, 
and to judge of distant forms of matter. 

With regard to the ultimate constitution of matter, we cannot 
hope to attain to a clearer conception than that which presented 
itself to the comprehensive, but humble, mind of Newton ; and that 
transcendent philosopher has thus embodied the result of his patient 
investigations: — 

“ It seems probable to me that Goo, in the beginning, formed 
MATTER in solid, massy, hard, impenetrable, moveable particles, of 
such sizes and figures, and with such other properties, and in such 
proportion to space, as most conduced to the end for which He formed 
them; and that those primitive particles, being solids, are incom- 
parably harder than any porous bodies compounded of them ; even 
so very hard as never to wear or break in pieces ; no ordinary power 
being able to divide what God himself made one in the first creation.” 

§ 8. It is, however, no less necessary to test the accuracy 
of our notions derived from common observation and the first im- 
pression of our senses, than to guard against the careless adoption of 
ill-understood generalizations of the results of experiment in our after 
progress; and wo must be particularly careful to correct the preju- 
dices which are but too apt to infect the mind from this first fountain 
of our knowledge. With regard to the absolute hardness, for 
instance, of the ultimate atoms of all kinds of matter : — from the 
smooth flowing of water, and the gentle breathing of the air, we 
derive a notion of softness which we can scarcely separate from 
the constitution of their ultimate particles ; but if wo take a portion 
of water in a glass tube, which has been carefully freed from air by 
boiling, and afterwards hermetically sealed, we shall find, upon 
agitating it, that the particles strike one another with a ringing 
sound, quite undistinguishable from that derived from the collision 
of metals. Such a little apparatus is commonly made, and goes 
by the name of the water-hammer. So with regard to aeriform 
matter ; a mixture of airs may be confined in a more film of water, 
which exploding at a lighted taper, will allow the particles of the 
atmosphere to rush together so suddenly as to produce a loud report, 
the result of the collision of aeriform atoms. 

Again, Newton has drawn a marked distinction between the 
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solidity of “ primitive particles’’ and that of the bodies compounded 
of them ; asserting that the latter are porous : and yet vre seem but 
to be giving fair credit to the testimony of our senses, in believing 
that the particles of a solid metal must be in close contact. A little 
reflection again may correct this prejudice. Many metals may 
have their density increased; i. their particles approximated, 
by mere hammering or pressure ; but to this there is a limit : all 
solids may have their particles approximated by cold, and to this no 
limit has been yet ascertained. Particles which admit of such 
nearer approach to each other cannot of course be in close contact ; 
a mass, or an assemblage of such, must be porous. 

§ 9. If we are liable to such errors of judgment, with regard 
to matters of direct observation, how careful ought we to be, and how 
diffident, in embodying notions of things which are wholly beyond 
the cognizance of our senses ; — as of the sizes, forms, or weights of 
the “ primitive particles,” or atoms^ of matter. We can carry the 
palpable division of some substances to an almost inconceivable 
extent, but we have no reason to suppose that we thereby oven 
approximate to their ultimate atomic resolution. 

A gallon of water weighs 70,000 grains ; one-tenth of a grain of 
green vitriol does not contain quite one-fiftieth part of a grain of 
iron ; if we dissolve this quantity of the salt in the water, its diffu- 
sion throughout its whole mass may be rendered perfectly visible by 
the addition of a little tincture of the gall-nut ; i. e.^ it may be proved 
to the eye that each grain of water contains the seventy thousandth 
part of the fiftieth of a grain of iron ; a quantity far too minute to be 
ascertained by the most delicate instruments, and of which the 
imagination itself cannot possibly frame an accurate conception : and 
yet wc dare not assert that this inconceivably minute quantity bears 
any assignable proportion to the weight of a primitive particle. 

§ 10. But, to proceed : wo are familiar with matter in two 
states ; viz. — at rest ; or undergoing a change of position in space : 
but no particle of matter, nor assemblage, nor compound of parti- 
cles of matter, possesses within itself a power of changing its 
existing state of motion or rest ; a passive quality which is generally 
designated by the term inertia. This term, however, appears to have 
been not very happily chosen ; inasmuch as it might be taken to de- 
signate inactivity with regard to other bodies ; which if we wore to 
admit, we should deny that inherent activity by which it is probable 
that every particle of matter is capable of acting upon every other 
particle in the universe. 
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When we are told that a body at rest would for ever remain 
quiescent, unless it were to receive an impulse from some extraneous 
power, the mind at once assents to the proposition ; it seems to agree 
with the results of our experience ; the bodies which surround us 
move not until some power from without sets them in motion : but it 
requires some reflection in those who, for the first time, consider the 
subject, to perceive that bodies in motion would for ever continue to 
move unless they were stopped by some exterior power. Common 
and careless observation seems to contradict this part of the proposi- 
tion : we know of no motion on the surface of the earth but what 
comes to an end, unless extraneous power be applied not only to 
produce but to maintain it. This prejudice will, however, be cor- 
rected by the observation, that all such moving bodies meet with 
resistance from counteracting forces ; and that the heavenly bodies, 
the only examples with which we arc acquainted of unresisted 
motion, continue constant in their courses. Moreover, we are not 
without familiar instances of this tendency to a persistence in a state 
of motion. If we suddenly chock motion, in an open vessel filled 
with a liquid, the rigidity of all the parts of the solid mass brings 
them simultaneously to a state of rest ; but the mobility of the liquid 
particles of the combination allows of their continuing in motion in 
their original direction, and the liquid is spilled. The careless setting 
down of a pail of water, or of a cup of tea, may thus, with proper 
reflection, illustrate an important principle. 

§ 11. Now every particle of matter which we see around us 
is under the influence of several forces exerted upon it both by 
distant and by adjacent particles ; and upon which it acts in return : 
for the action of one body upon another is always accompanied by 
a reaction of the latter upon the former, of the same intensity in the 
opposite direction. To these forces the motions which we observe 
in some bodies are owing, and upon their balance the apparent 
state of rest in others is dependent : it is, therefore, of the first im- 
portance that we should form as accurate a notion as possible of 
the meaning of the general term force. The following analysis of 
the subject, by Sir John Herschel, clearly refers the origin of the 
idea to the consciousness of each individual * : — 

‘‘We are conscious of a power to move our own limbs, and, by 
their intervention, other bodies ; and this effect is the result of 
a certain inexplicable process which we are aware of, by which we 
exert force ; and even when such exertion produces no visible effect 
(as when wo press our two hands violently together, so as just to 

* Her8chsl*8 Discourse, p. 86. 
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oppose each other’s effort), wo still perceive, by the fatigue and 
exhaustion, and by the impossibility of maintaining the effort long, 
that something is going on within us, of which the mind is the agent, 
and the will the determining cause.” In the case of force exerted 
by the right hand, and met by an equal force from the left, the two 
acting in opposite directions exactly neutralize each other, and no 
motion ensues; the effect is pressure; they exactly balance one 
another, and may be said to be in equilibrio. We recognise a similar 
power of generating force in other animals by opposition to our own, 
and as the proximate seat of it is in the muscles, we denominate it 
muscular or animal force. This force may be communicated to 
inanimate matter, as when wo project a stone from the hand ; and 
that a body thus set in motion carries force with it, we may feel by 
arresting it in its course. Thus, in stopping a ball at cricket, we 
feel a shock, and the bones of the hand might even be fractured by 
the blow if it did not at first yield a little to its course. It may be 
concentrated in the same mass by continued action, as when a 
stone, which when cast from the hand will inflict a comparatively 
slight injury, is continuously acted upon by the same arm, by the 
intermedium of a sling, it will at length bo projected with an 
intensity of action capable ot producing very violent effects. We 
thus learn to regard motion in matter, however produced, as the 
effect, and indication of force. 

Velocity of motion may, when the mass remains the same, 
be taken as a measure of mechanical force (as force thus transferred 
to moving masses of matter is called), and by multiplying the mass 
of a body by the square of its velocity w^c, in all cases, learn its 
momentum,^ or the quantity of force which it is capable of exerting 
upon other bodies opposed to it. The investigation of the laws of 
motion constitutes the province of dynamics. 

§ 12. This force which we can exert and communicate at 
will, and which can bo generated by all animal bodies, we may soon 
become sensible may be opposed by other forces appertaining to 
inanimate matter. For example : — in lifting a lump of iron, or lead, 
or stone, from the ground, we are conscious of the same kind of 
opposition, and consequent exertion, as when we violently press one 
hand against the other ; and whatever opposes force must be force. 
If the force which we apply be greater than the opposing force, 
which we familiarly denominate n^eight,, the mass is raised ; but 
we may so adjust the two that they may be in equilibrio^ and then 
no motion will be perceptible ; but we shall feel its pressu/re^ and, if 
the mass be considerable, we shall not long be able to maintain the 
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balance, from exhaustion and fatigue, and the mass will fall to the 
ground. 

Again, by pressing with the arm upon a strong spring, or in 
drawing a bow, we feel another opposing power, which we deno- 
minate ELASTICITY. At the first impression motion may be produced, 
because muscular force may have the advantage, but we shall soon 
become conscious of a gradually increasing opposition, which our 
utmost exertion will not be able to overcome ; our highest degree of 
force will be balanced ; fatigue on our part will put an end to the 
contest, and the elastic body will return to its former state. If the 
opposition be suddenly withdrawn, and the bow be allowed to act 
continuously in its return upon a body which is free to obey the 
impulse, the bolt or the arrow will have a projectile force commu- 
nicated to it of considerable intensity, as in the case of the stone 
from the sling. 

§ 13. The very same effect may be produced upon the spring 
or bow by the action of the weight, as by the power of the arm ; and 
if we wore to place the mass of iron upon the former, or suspend it 
from the latter, the heavy body would be supported, and the elastic 
body would bo bent. Weight may thus be opposed to elasticity, 
and at a certain point they will balance each other : at this point no 
motion or visible effect will be produced ; but the two forces will not 
on this account cease to act any more than in the case of the opposite 
pressure of the two hands ; they will exert pressure upon each other. 
Each of these forces having been separately estimated by our exertion 
and consciousness of muscular force, when opposed to them, we 
cannot resist the direct evidence of our senses, that “ matter is 
thus capable of exerting upon matter the same kind of effort as 
that which we appreciate from a mental impression 

There are several varieties of such force, all of which may 
either mediately or immediately be referred to the standard of our 
own exertions. Some of these cause masses of matter to approach, 
and others to recede from each other ; the former are classed together 
under the name of attraction, the latter under that of repulsion. 
The laws of these motions, and of the equilibrium of these forces, 
the intellect of man has been able to develope ; but the origin of the 
forces themselves, though clearly perceived t6 be various, appears to 
be beyond his comprehension, even when that origin is in his own 
will. We cannot, at least, refer them to any secondary cause, and we 
must be content to know that they are powers conferred upon matter 
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by the will of the Creator, for the maintenance of the order of his 
creation. Thus much the intellect of a child can comprehend, and 
to nothing more did that of a Newton attain. The effort which we 
feel that a mass of iron makes to fall to the ground, is due to an 
attractive force between it and the earth, which we denominate 
GRAVITY, and is an universal power of nature ; that which we feel the 
spring make to recover its first position when we press upon it with 
the hand, is due to the repulsive force of elasticity, and is possessed 
in very different degrees by different kinds of matter. 

Before wo proceed to inquire into the laws which limit the 
action of these forces, it will bo well to indicate certain other 
varieties both of repulsion and attraction^ which will come within 
the scope of our inquiry. 

§ 14. It was observed by the ancients, and the fact is men- 
tioned by Theophrastu»s that when a piece of amber is rubbed, it 
acquires the property of attracting light bodies. The Greek term 
for amber being electron^ the unknown cause of this phenomenon 
has been called electricity. It was not till the commencement of 
the seventeenth century that the same property was found to be 
conferred, by friction, on various other bodies, as glass, sealing-wax, 
sulphur, &c. ; and later still, that any two dissimilar substances, 
wdien rubbed together, with proper precautions, are capable of 
exerting the same attractive force. Further observation has shown, 
that after bodies have been thus attracted to the rubbed surface, 
they will be repelled from it by an equal but opposite force ; and the 
phenomena will be presented to us in a striking light if we suspend 
a feather from a piece of silk, and approximate to it a tube of glass, 
which has been rubbed with a silk handkerchief ; the feather will 
bo attracted to the tube from a considerable distance, and after 
attaching itself to it will fly off* and cannot bo made again to 
approach it. Both this attraction and repulsion will overcome the 
force of gravitation in the feather, .and by its opposition we can 
estimate the amount of either. 

§ 15. Again, there is an ore of iron which is common in 
Sweden, which has received the name of loadstone^ from the property 
which it possesses of pointing, when freely suspended, to the polar 
star, or load-star^ as it was formerly called ; it has been known from 
remote antiquity to possess the property of attracting small pieces 
of iron ; it is said to have abound^ in Magnesia, a province of 
Lydia, and is mentioned by Pliny, under the name of magnes^ 
hence the property derived the name of maonbtism. It is capable 
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of being communicated to bars of steel by friction, which are 
also called magnets. If we take two bars so prepared, and balance 
one of them upon a pivot, we may again have the opposite forces of 
attraction and repulsion exemplified from this new source ; for upon 
approximating one end of one magnet to a certain end of the other, 
which is free to rotate, they will approach each other with consider- 
able energy; if the other end be presented to it, they will separate 
with equal velocity. This attraction we can feel and estimate by the 
muscular force which we must exert to pull away a piece of iron which 
is under its influence. Artificial magnets, as well as the load-stone, 
when freely suspended, take up a definite position with regard to 
the poles of the earth, or the extremities of any other magnet : hence 
this property has been termed polarity ; and forces which are con- 
ceived to act with equal intensity in opposite directions at the 
extremities of the axes of molecules, or masses of matter, are deno- 
minated polar forces. 

§ 16. The forces which we have thus designated may be dis- 
tinguished as EXTERNAL FORCES, for they act upon masses of matter at 
sensible distances : there are others which act only upon its consti- 
tuent molecules, and at insensible distances, and may be called 

INTERNAL Or MOLECULAR FORCES. 

§ 17. The first, and most general of these, is homogeneous 
attraction^ or cohesion. If we take two masses of lead, on which two 
perfectly smooth surfaces have been cut, — and a cloven bullet will 
answer the purposes of illustration, — and bring these planes in 
contact, we shall find that they cohere, or attract each other with 
a force which we can appreciate by a muscular effort to separate 
them : or by opposing to them the gravitation or weight of another 
body, for we may suspend a heavy substance to them without forcing 
them asunder. In the same way, two pieces of plate-glass cohere 
strongly together when brought into contact, by their polished faces. 
It has often happened in manufactories of this article, that the 
plates, which after receiving their last polish are placed in cases 
where they are arranged like books in a book-case, a little inclining 
upon each other, have been found to have contracted so strong 
a cohesion as not to be separable without a fracture ; and sometimes 
three or four plates have thus become so incorporated as to bear 
working together, and cutting with a diamond, like a single plate. 
Some specimens, which were selected from the manufacture of » 
St. Qobin, were found to be thus united no less intimately than if 
they had been fused together ; and when a violent degree of force 
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was applied to make them slide from each other, the experimenter 
was surprised to find that the substance of the glass was actually 
torn, so that the surface of one was covered with large flakes 
detached from the substance of the other. 

Another example of this force is afforded by the running together 
of two globules of mercury, or two drops of water ; the moment they 
appear to touch each other they coalesce, and become one. One of 
the most striking illustrations of homogeneous attraction is afibrded 
by sifting some finely powdered resin upon a plate, and carefully 
scattering a few drops of water upon it ; each of these will assume an 
almost perfect globular form, from the equal action of this force, in 
all directions from the centre, in obedience to which the particles 
of each mass are free to move ; these small globes may be made 
to roll about in all directions, like solid shot, by inclining the plate. 
When made gently to touch each other, they still continue separate, 
the liquid particles being defended from actual contact by the light 
dust with which they are powdered ; but when by greater violence 
this is dispersed, they immediately run together. 

This is the force which connects the particles of bodies together 
in the solid form with greater or less energy, and which still prevails 
in liquids, though reduced to a less amount by an opposing force 
which wo must presently indicate. We have seen from our experi- 
mental illustrations, how gravity, or muscular force, may be made to 
act in opposition to it, and the two may bo combined to such a 
degree of intensity by the continuous action, for instance, of the 
sledge-hammer, that the cohesion of the hardest solid may be obliged 
to yield. 

And here it may be remarked, that time is an important 
element in the action of force. When a mass of matter moving 
with a certain momentum strikes against a substance whose cohesion 
is insufiicient to resist the force which it conveys, the fracture of the 
latter is the consequence, and the momentum of the former may be 
destroyed ; but if a greater velocity be given to the mass, it may pass 
through the opposing substance with little comparative injury, and 
still continue to move. Thus a leaden bullet projected from the 
hand may demolish a plate of glass, while the same bullet impelled 
from a gun will pass through the plate, and pierce it with a small 
hole, without destroying the cohesion in any other part. In the 
practice of artillery, where it is required to batter down walls, or the 
sides of a ship, the charge of gunpowder is so regulated as that 
the projectile may not be carried through the object aimed at ; as in 
that case the time of its passage is not sufficient for the transfer of 
the force from the moving body. 
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§ 18. Elasticity also may be made to act against cohesion ; 
and a most beautiful instance of the equilibrium of these two forces is 
presented to us in the common schoolboy’s plaything, called a Ru- 
pert’s drop. This is a drop of glass suddenly solidified by dropping 
it into water ; its cohesion is very considerable, as we may ascertain 
by the force which would be required to crush it ; it will bear the 
pressure of half a hundred weight without injury. Glass is also 
a body endued with a high degree of elasticity, which is gi»eatly 
increased by heat. When the exterior molecules are suddenly 
cooled they contract, and violently compress the still heated in- 
terior particles. That these retain their state of tension, and 
strive energetically to recover from it, even after they are cool, 
is proved experimentally. If we grasp the drop in one hand, and 
with the other break off’ the point, or merely scratch the surface, wo 
diminish the force of cohesion, and the elasticity assumes the 
ascendency, breaking the mass to an almost im])a]pable powder, 
and giving a violent shock to the hand which grasj)s it. Ry holding 
it under water, in a stout glass bottle, or other vessel, the eflbet is 
rendered still more striking ; for upon scratching the surface with 
a file, not only is the drop, but the containing vessel, shivered 
into a thousand fragments. 

§ 19. Hut the real, and, but for one remarkable exception, uni- 
rersal antagonist of cohesion, is the repulsive foi ce of heat : and of the 
meaning, again, of this term, our consciousness will afford the best 
explanation. The sensations of the most ignorant teach them to 
apply a meaning to the terms hot and cold, which the most philo- 
sophic definition would not at all elucidate. Common experience 
proves to us that the unknown cause of these sensations is an agent 
of the most powerful and active kind : w^o find it continually 
employed both in the processes of nature and the arts ; we recog- 
nise it as destroying some substances, melting others, rendering 
others luminous, and converting others into vapour. The hidden 
cause of all these effects wo term heat, as well as the sensation 
which it produces upon our organs. Our ignorance occasions this 
confusion of language, and we only attempt to disguise that ignor- 
ance when we substitute the term caloric for the mysterious cause, 
and confine the term heat to the sensation produced. 

§ 20. When we take a half flaccid bladder, and expose it to any 
of the common sources of heat, as by holding it before the fire, or 
pouring hot water upon it, we invariably communicate a repulsive 
force to the air which it contains, causing the particles to recede 
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from each other, and distending the bladder to a degree which, 
if properly confined, will cause it to burst, with a loud report. 
Here again we may feel the force which causes the aerial molecules to 
repel each other. Common experience has also taught us that the 
application of heat will quietly subdue the cohesion which binds 
together the atoms of the most solid metal, and which the most 
intense mechanical force can only very partially effect ; and hence, 
again, we judge of the energy of the active cause. 

Such are the forces of homogeneous attraction and repulsion ; — 
antagonist powers which act upon the constituent particles of the 
same kinds of matter, — matter that is, of the same sensible properties. 

§ 21. Referring back to our first acquaintance with matter, 
we have not only been assured of its existence, of its substantiality, 
of its impenetrability, of its solidity, of its fluidity by our touch, but 
our other senses have discovered to us different kinds of matter — 
matter of different sensible properties. Our taste has informed us oi 
sapid and insipid, of acid and sweet, and bitter and saline matter ; 
our organs of smell, of odorous and inodorous bodies ; our sight, of 
blue and green, and black and white, transparent and opaque. It is 
in the reciprocal action of bodies of such different essences that we 
trace the existence of our next active force. If we simply dip 
a piece of metal, or glass, into water, and withdraw it, we shall have 
an illustration of it in the wetting of the solid; a portion' of the 
liquid will adhere to it: we can estimate the amount of the force 
by the weight of the vrater which may be raised under its influence. 
If we repeat the experiments before referred to, of placing a few 
drops of water upon a fine dust, substituting powdered flint glass for 
resin, we shall be able to contrast this force of heterogeneous adhe- 
sion with that of homogeneous cohesion ; in the former case the drops 
of water assumed a spherical form, under the influence of the last 
power; in the latter case heterogeneous adhesion will overcome 
homogeneous cohesion ; the powdered glass will be wetted, and the 
water will be absorbed. 

§ 22. The last force which it will be necessaiy to specify, to 
complete this general view of the forces, is chemical affinity, the 
highest degree of heterogeneous attraction. The action of this 
marvellous power between the ultimate particles of different kinds 
of matter, constitutes matter of distinct qualities, — matter differing 
in essence from any of its ingredients, — matter possessing no sensible 
property in common with its constituent elements but that of their 
gravity combined. An inquiry into the laws and results of its action 
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constitutes the chemist’s peculiar province. It has been named 
affinity^ from a supposed relationship of substances to each other, 
which fits them for intimate combination. 

If we take some fragments of copper, and pour some aqua 
fortis (nitric acid) upon them, intense action will ensue between 
the liquid and the solid ; abundance of aeriform matter will be 
evolved ; the acid and the metal will both disappear, and in their 
stead we shall find a saline substance of a beautiful deep blue colour ; 
the weight of which, together with that of the collected air, would 
be exactly that of the acid and metal thus acting upon each other by 
the force of chemical affinity. The blue matter resembles in no 
single property the substances from which it is produced ; but that 
copper enters into its composition may easily be proved by dipping 
a piece of clean iron into its solution, when the metal will appear 
upon its surface, with all its characteristic properties. 

The intimate and mutual penetration of bodies, under this 
mysterious force, might be expected to elude that kind of com- 
parison and measure with our innate energy which we have esta- 
blished in the case of the other forces which have passed under our 
review : indeed it is not easy to conceive how a molecular action of 
such a kind could be immediately tested by our muscular force ; but 
mediately this may bo done by a reference to the force of cohesion, 
which is directly opposed to it. This extraordinary agent, moreover, 
presents itself to us in another form, in wdiich having elicited it from 
the distant reaction of two masses of cold metal, by means which it 
will be our business hereafter to investigate, we can apply it to effect 
the essential changes upon matter which are the distinctive results 
of its operation, and at the same moment feel its powerful influence 
upon our muscular frame, contracting its fibres with a violence which 
no spontaneous exertion of our self-generated force can control. 

§ 23. These illustrations may servo the useful purpose of 
fixing upon the minds of beginners in science some definite notions 
of the nature of the forces which principally concur to the production 
of chemical phenomena; the particular law's of their several actions,* 
as far as they are conducive to this result, it is the object of the 
following pages to examine and illustrate ; and for this purpose we 
will take them nearly in the order in which they have, already been 
notified ; and first, with regard to 

Gravity. 

§ 24. The attraction of gravitation is exerted between masses 
of matter at a distance from each other; it is that sublime power 
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which the astronomer contemplates as extending between all the 
bodies of the solar system ; binding the planets in their orbits, and 
reaching through space to countless other systems, at distances 
of which the mind of man strives in vain to form an adequate con- 
ception. With this stupendous and all-pervading force the chemist 
has little concern, except as acting at the surface of the earth, and 
conferring the property which we call weight. 

It may be exemplified not only by the fall of a body to the 
earth, but by the approach towards each other of masses of matter 
which are free to obey the mutual impulse. Thus, pieces of wood, 
upon the surface of water, are attracted towards each other, or the 
sides of the containing vessel ; and the wrecks of ships are frequently 
found aggregated together upon the surface of the ocean. 

A plummet., or weight suspended to a string, is commonly 
employed to indicate a line directed immediately to the centre of the 
earth, and which is called a perpendicular. This is the direction of 
gravitation, which acts in straight lines, when, undisturbed, at the 
surface of the globe. The same plummet, when suspended by the 
side of the abrupt precipice of a mountain, has been experimentally 
found to deviate from this perpendicular, having been drawn aside 
a minute, but measurable, quantity by the gravity of the mass in 
whoso vicinity it had been placed. 

In common language, we say that a stone, or other heSvy body, 
falls to the earth : but the influence is reciprocal ; the earth is 
attracted by the stone as the stone is by the earth. The action 
is directly j^roportionate to the quantity of mattdr which ’each mass 
contains, and this is the first law of gravity. The quantity of matter 
in the stone bearing no assignable proportion to the mass of the 
earth, its influence, though certain, is inappreciable. 

§ 25. Here again it may be necessary to guard against 
a prejudice derived from careless observation, and inaccurate lan- 
guage : lead is proverbially said to be heavy, and a feather to be light, 
and when a mass of load and a feather are suffered to fall together to 
the ground from a height (when abandoned, that is, at the same mo- 
ment, to the action of gravity), the former reaches the bottom sooner 
than the latter ; gravity appearing to act with greater energy upon one 
than the other. But if the experiment be made in a space void of 
other matter,* the action upon both will be found to be equal; they 
will both fall together, and we shall learn that the retardation of the 
feather, in the first instance, was owing to the large surface which 
it presented to the resistance of the air. In vacuo the smallest 
particle of matter, and the largest mass, fall through equal spaces 

c 
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in equal times. Gravity^ in short, is the power of transmitting 
to every particle of matter a certain velocity absolutely independent 
of the uumber of material particles: loeight is measured by the 
effort which must be used to prevent a given mass, or accumulation 
of particles, from obeying the law of gravity; weight, therefore, 
depends upon the mass : gravity has no dependence at all upon it. 

§ 26. The intensity of the force of gravity is measured by tlio 
velocity of a body moving unresisted under its influence, and is such, 
that in this latitude. a body falls, in the first second of time, 16.095 
feet, or about 1 6 feet and one inch. 

§ 27. The second law of gravity is, that bodies attract one 
another in inverse proportion to the squares of the distances of their 
centres, to which their action may be referred. Now this is the law 
which regulates the action of all central forces, — of all forces, that 
is, which emanate from a centre, and spread themselves around that 
centre ; and its generality renders it particularly desirable that we 
should form an accurate notion of its reason. We can best explain 
it perhaps by reference to light. Common experience informs us 
that the intensity of light decreases with its distance; and in 
what proportion, a little consideration will enable us to determine. 
A lighted taper radiates its light in all directions alike; if we 
imagine such a taper placed in the centre of an opaque globe, four 
feet in diameter, its light will all be dispersed over, and arrested by, 
the surface of that globe, which will be illuminated with a certain 
degree of intensity. If we now imagine it removed to the centre of 
another sphere, six feet in diameter, the same light wull be spread 
over the larger surface, which will of course be illuminated in a less 
degree. The distance of the light from the surface of the first sphere 
would be its radius, or two feet ; from the surface of the second, three 
feet ; but the diminutions of the light would not be directly as 2 to 
3, or as the mere distance, but as the squares of 2 and 3, or 4 to 9 ; for 
it can be geometrically demonstrated that the surfaces of spheres, or 
any similar sections of spheres, are as the squares of their radii (1); 



(1) The principle may be illustrated 
by experiment, in the following way : — If 
in the annexed diagram, 1, represent a 
board of a foot square, placed at a certain 
distance from a light at /i, it will just 
shadow a board of two feet square, 2, 
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and it is clear that in each case the light is spread over the whole 
surfaces, and consequently diluted in proportion to their surfaces. 
In the same manner, and after the same law, the action of gravity is 
diluted, if the expression be allowable, upon distant masses. 

§ 28. If a gravitating body be freely suspended by a string, 
or rod, from a fixed point, it will hang in a vertical position ; but if 
it be moved from that position by a force laterally directed, it will 
rise in the arc of a circle, of which the point of suspension will be 
the centre, under the joint action of the moving force and the 
tension, or cohesion, of the rod or string. When it has reached the 
point at which its moving force is destroyed by the counteracting 
forces of gravitation and cohesion, it will immediately begin to 
descend under the force of gravitation in the same arc ; and when 
it reaches the vertical position, it will have acquired a momentum 
which M^ould tend to carry it forwards in a horizontal direction; 
the tension of the string will, however, cause it still to move in the 
circle, of which the point of suspension is the centre, and it will, 
after passing the vertical line, rise through a similar arc on the 
opposite side, until its velocity is destroyed, which if no other forces 
than gravity, and its antagonist, cohesion, were to act, would be, when 
it reached a height equal to that from whence it first fell : from this 
it will again descend, and passing the vertical, rise to the first height ; 
and it would thus continue to oscillate for ever but for counteracting 
forces. The oscillations of an invariable pendulum^ as such an appa- 
ratus is called, are sensibly performed in equal times, or are isochro- 
nom^ even when the arc gradually diminishes from retarding forces. 

The length of a pendulum vibrating seconds, in the latitude of 
London (51® 31' 08" n.), in xacuo^ at the level of the sea, has been 
accurately detennined to be 39.139 in. 

The force of gravity, which, on account of the figure of the 
earth, varies slightly in intensity from the poles to the equator, may 
be determined for different places by the velocity of a standard pen- 
dulum, it being directly proportional to the squares of the number of 
vibrations in equal times : or as the lengths of pendulums are inversely 


at double the distance ; of a board of three feet square, 3, at three times 
the distance ; or one of four feet square, 4, at four times the distance : 
that is to say, the light which is concentrated upon the first board would 
be diffused over four times the space, if suffered to fall upon the second ; 
or over nine times the space upon the third ; or sixteen times upon the 
'fourth. The boards may be considered (without any appreciable error) as 
similar segments of spheres, of the radii of their several distances. 
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proportionate to the square of the number of their vibrations in equal 
times, the /orce of gravity may be determined for any place, by mea- 
suring the length of the pendulum, which beats seconds at that place. 

§ 29. Momentum may be accumulated to an enormous degree 
in very large masses thus suspended, by forces which at their first 
application appear to be totally inadequate to move them. By 
making repeated impulses coincide in time and direction with the 
first minute oBcillations^ the arc will gradually increase until a great 
degree of velocity is produced ; and the force which is thus stored up 
is capable of producing a corresponding concentrated effect. 

§ 30. According to the first law of gravity, the force with 
which the earth acts upon any body at its surface, is in direct pro- 
portion to the quantity of matter which it contains; hence the 
measure of the force becomes the criterion of quantity: and the 
weight of a body is the exact amount of force, expressed with rela- 
tion to some known standard, which is just sufficient to prevent that 
body falling to the ground. The commonest mode of ascertaining 
this is to oppose the known effect of the gravity of certain pieces 
of metal which have been compared with some conventional 
standard with the greatest possible exactness, to the unknown 
gravity of the substance whoso weight or quantity of matter has 
to be determined. A pound is a mass of matter which has 
been thus adjusted ; and the common business of life has rendered 
most men familiar with the multiples and sub-multiples of this 
weight, and the denominations of tons, hundred-weights, ounces, 
grains, &c., which have been conferred on them. The standard 
measure of this country is the imperial gallon of 277.274 j cubic 
inches, and the weight of pure water wdiich it contains is 10 lbs. 
The method of comparison, by means of the balance, is also well 
known. 

§ 31. The balance consists essentially of an uniform inflexible 
lever, delicately supported, at its centre of gravity, on a fine knife- 
edge, and carrying scale-pans freely suspended from points in the 
same horizontal line with the centre of gravity. If the weights, 
or quantities of matter, in each be equal, the one will counter- 
balance the other, and the beam will remain horizontal ; if not, the 
heavier will preponderate. Lightness of construction, and freedom 
of motion, are secured by many ingenious contrivances, upon which 
it would be foreign to our present purpose to dwell. A good balance 
will indicate by its turn ^uVirth or ToVijth of the weight which it is 
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designed to carry, and will freely move with the difference of 
xo^go ^h of a grain. 

§. 32. Equality in the length of the arms of the lever is, of 
course, the most important consideration in the construction of the 
balance ; but when there may be any reason to doubt this essential 
point, it is well to know that any error may be avoided by the method 
of double weighing. This consists in placing the object whose \veight 
is to be ascertained in one scale-pan, and exactly counterbalancing it 
in the other, not with the weights, but with sand or shot, or any 
other indifferent substance. The substance is then removed, and 
the weights applied in the same pan, till the counterpoise is 
balanced. By this contrivance the unknown quantity of matter 
is compared with the known, under exactly equal circumstances, 
and the result is independent of almost every source of error which 
can affect the comparison of one object with another. 

§ 33. The second law of gravity has little to do with the 
determination of weight, and for this purpose may safely be dis- 
regarded; for any variation of the distance from the centre of 
the earth, at which we may carry on our operations, is so small, 
with regard to the whole, as to be perfectly insignificant, although 
not inappreciable to the refinements of modern science. The 
mean radius of the earth, or the distance from the centre to the 
surface, is about 3,941 miles ; and supposing that wo had to deter- 
mine the weight of an object on the summit of a mountain one mile 
in height, the force of gravity would be decreased in the ratio 3942* : 
3941*, which would make a difference of about one ounce in a ton 
weight. This difference would not of course be apparent in die 
usual manner of weighing, by means of the balance ; for the decrease 
of gravity would affect both the weight and the object to be weighed 
in the same degree ; but it might be measured by the opposition of 
another force, as that of elasticity. A spring which would be bent 
to a certain degree by a ton weight, at the surface of the earth, 
would require a ton weight and one ounce to bend it to the same 
amount on the summit of the mountain. 

§ 34. Every substance in nature, occupying a given space, is 
found to have, under the same circumstances, a specific or 

peculiar to itself ; or, in other words, the same volume of different 
kinds of matter contains different quantities of matter. The com- 
parative weights of equal bulks of different bodies are called specific 
gravities. This is a very important distinctive property of matter, 
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and one to which the chemist has perpetual occasion to refer. In 
comparing" specific gravities it has been found convenient to refer 
them to a fixed standard, and water has been generally adopted for 
this purpose, as being easily procurable in most times and places. 

§ 35. The mode of taking the specific gravity of a liquid 
is very simple and easy of execution. A small stoppered flask 
is prepared to contain exactly 1 ,000 grains of pure water ; this is 
filled with the liquid, and placed upon the balance ; in the opposite 
pan is placed the counterpoise of the bottle when filled with water, 
and when heavier than water so much weight as will adjust the 
beam. If the liquid be lighter than water the weight must be 
placed in the same pan with the bottle. 

In the first case the weight in grains added to 1,000, and in 
the second case deducted from 1,000, will give the specific gravity 
sought. Thus the same bottle which held 1,000 grains of water, 
was found to contain only 839 grains of spirits of wine ; and, taking 
water as 1, the specific gravity of the spirit is said to bo 0.839. 

§ 36. It would be impossible thus directly to compare a given 
volume of any solid body with an equal volume of water; were 
there no other obstacle, it \vould require a nicety of measuration and 
workmanship which would be quite unattainable. But the same 
end may be obtained with perfect accuracy by means which are 
easily applied. The rule is to weigh the solid in air and afterwards 
ill water, and having found the deficiency of the latter weight, to 
divide by it the former, and the quotient will be the required specific 
gravity. Now there is nothing more injurious to the progress of 
a ^udent in any science than the acquirement of such rules by rote, 
without a thorough comprehension of the principles upon which they 
are fouMed ; they may thus be rendered available for mere practical 
purposes, but they are utterly useless as steps in his advancement. 
For instance, how many thousand persons are there who can (to make 
use of a common expression) work the rule of three, without in the 
least understanding the doctrine of projiortion upon which it is 
founded ? With less trouble than it takes them to learn and recover 
the rule, which they are in constant danger of forgetting, they might 
attain to a knowledge of its principles, which would not only be 
of general application, but a help to further improvement. A little 
consideration will be sufficient to render the principles of the above 
process perfectly clear. When a solid is wholly immersed in water, . 
it obviously displaces a bulk of that liquid exactly equal to its own, 
which bulk was supported in its place by a pressure from the 
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surrounding particles equivalent to its own gravity: this may be 
easily proved by the familiar illustration of a bucket. in a well. 
When the full bucket is wholly immersed in the water, it requires 
scarcely any effort to draw it to the surface ; but the moment it 
rises above the water the weight of the water is felt, being no longer 
supported by the surrounding liquid. In the process, therefore, of 
taking specific gravities, the solid immersed must also be supported 
by the surrounding water with a force exactly equal to the weight of 
the water which it has displaced, and thus the difference of its 
weight ill water from that of its weight in air must be the weight of 
an equal bulk of water. The direct comjiarison of the substance 
with water having been thus effected, a number bearing the same ratio 
to unity is easily found by the rule of proportion, and this will be the 
specific gravity. An example may, perhaps, render this more clear. 
A lump of glass is found to weigh in air 577 grains ; it is delicately 
suspended by a horse-hair from the bottom of the scale-pan, and 
immersed in a vessel of pure water, it is found to weigh S99.4 
grains ; the loss, therefore, or the weight of an equal bulk of water, 
is 177.fi grains ; then I77.fi : 1 : : 577 : 3.2 ; the working of which 
sum resolves itself into the division of the third term by the first, or 
of the weight in air by the weight in water, according to the rule. 
The quotient 3.2 being the specific gravity of the glass. 

Solid bodies, lighter than water, such as cork, may be weighed 
by attaching to them a mass of metal, or glass, previously balanced 
in water for that purpose, which may cause them to sink, and 
then proceeding with the combined mass as before. 

§ 37. The same principles may be applied to ascertain the 
specific gravity of liquids, instead of the specific-gravity bottle ; for 
as a bulb of glass immersed in water is buoyed up by a force equi- 
valent to the weight of an equal bulk of water ; so when immersed 
in any other liquid, it will be supported by a pressure equal to the 
weight of a similar bulk of that liquid. Thus the mass of glass 
which lost 177.fi grains by immersion in water, was found to lose 
only 149 grains by being plunged into the spirits of wine, and their 
two amounts are consequently the weights of equal bulks of water 
and spirit; therefore 177.6 : 1 : : 149 : 0.839, the specific gravity of 
the spirit. 

§ 38. It is upon the same principle that the specific gravities 
of liquids, which do not differ much from one another, may be deter- 
mined by the hydrometer. This instrument consists of a hollow ball 
of glass, or metal, with a weight below it, and a slender stem above, 
divided into a certain number of degrees by marks ; in pure water 
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it is adjusted to float to a particular mark ; that part of the stem 
which is out of the liquid acts as a weight to keep it in its place. 
When immersed in a lighter liquid, such as spirit, the lateral 
pressure which supports it is diminished, and not being sufficient 
to support the same, weight as before, the instrument sinks, till 
a portion of the st^ becoming immersed, its weight is decreased, 
and the balance again restored. Sometimes the instrument is 
adjusted to diflFerent liquids by moveable weights, while the gradua- 
tions of the scale are made to express the specific gravities by the 
degree to which it sinks (2). 

§ 39. From what has been said, it will upon reflection bo 
clear, that when in ordinary circumstances a bulky body is counter- 
poised by a weight of very dense matter, an allowance ought to bo 
made for the unequal buoyancy of the air ; and this may be rendered 
evident by balancing a piece of cork with a counterpoise of metal, 
and afterwards placing them in ,a space devoid of air, when the 
former will preponderate. If the volume of the cork were 2.5 cubic 
inches, it would require nearly half a grain to restore the balance, 
this being about the difference of the weights of the air which the 
two bodies displaced. For ordinary purposes the effect is too small 
to require to be taken into consideration, but in nice scientific 
investigations it is often estimated. 

But the force with which a body is attracted to the earth, and, 
consequently, the quantity of matter which it contains, may be 
measured by opposing to it other forces than that of gravity. We 
can even roughly judge of different w^eights by the different degrees 
of muscular exertion necessary to support them ; and we have 
already had occasion to refer to a method of estimating them by the 
compression of a spring. This observation will naturally lead us to 
the consideration^ of our next force ; namely. 


(2) The annexed figure represents Sikes's hydro- 
meter. A, is a brass ball, into which a conical stem, f, is 
inserted, terminating in a loaded ball, b ; at D a flat stem 
is inserted, which is graduated into eleven equal parts, each 
of which is subdivided into two ; eight circular weights, e, 
are adjusted to the instrument, in which a slit is cut, so 
as to admit the slender part of the lower stem into the 
hole in the centre of the weight ; their use is to adapt 
the instrument to liquids heavier than water. A set of 
tables are furnished with the instrument, by which the 
specific gravity of a spirit is easily ascertained after an 
observation of the degree upon the stem to which it sinks. 
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Elasticity. 

§ 40. The immediato resistance of a body to compression, or 
extension, is properly called its elasticity. Tt has been exemplified 
by the sensible effort of a compressed spring, 'and a bent bow, to 
recover from their forced state of flexure. It is directly propor- 
tionate in perfectly elastic bodies to the compressing force ; and this 
is the law of its action. If a bow be drawn to a certain extent by 
a seven-pounds weight, it will be drawn to double that extent by 
fourteen pounds ; and upon this principle various spring-balances 
have been contrived. 

The kind of elasticity to which we have hitherto referred arises 
from a force longitudinally applied, and a partial displacement of the 
particles of a solid in length, and is denominated flexure : a second 
kind consists in the lateral displacement of the opposite parts of 
a solid, in opposite directions, the central parts only remaining in 
their natural state, and is called torsion or twisting. Elasticity thus 
elicited may bo very accurately measured by the angular displace- 
ment ; the angle of torsion being exactly proportionate to the degree 
of elasticity. Balances of the greatest delicacy have been con- 
structed upon this principle, for the estimation of minute degrees 
of force. 

But solid bodies are only more or less elastic within certain 
limits; the operation of forces beyond these limits first produces 
a permanent alteration or change of figure, which is called setting^ 
and afterwards fracture. The most perfect examples of elasticity 
are afforded by aiiriform bodies, and the atmosphere which surrounds 
us furnishes a beautiful illustration of the equilibrium of this force 
and gravity, a correct understanding of which is of the greatest 
importance. 

§ 41. With regard to matter in the aeriform state, common 
experience is by no means sufficient^ as with solids and liquids, to 
teach us how to collect, confine, or weigh it ; and it was not till the 
time of Galileo (or early in the seventeenth century,) proved that 
the air had a definite weight and pressure ; and it M^as some time 
after this that Dr. Priestley contrived the simple means which are 
still in use for experimenting with such fluids. Aristotle indeed 
appears to have happily guessed the truth; and Plutarch informs 
us that he assigned the gravity of air to be between that of fire and 
, earth; but the surmise appears to have led to no particular con- 
sequences, and to have been forgotten. 

§ 42, If we take a bell-glass, and press it with its mouth 
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downwards into a deep vessel of water, we find a strong resistance 
to its descent, which arises from the body of air confined beneath it ; 
as we press upon it more and more, we feel a stronger and stronger 
opposition or repulsive force; the water rises further into the 
interior, and the air occupies a less space ; as we withdraw the pres- 
sure, it returns to its former bulk, and totally displaces the water. 
Hence we may learn that the air is elastic, like the spring to which 
we have just referred ; and we can roughly estimate by our feeling 
that its elasticity increases in proportion to the force with which it 
is compressed. We learn likewise from the same simple experi- 
ment that the volume decreases with the increase of pressure. The 
law of its elasticity was originally developed by Boyle, but Ma- 
riotte more accurately determined by experiment that the volume of 
air was always inversely as the pressure (8). Elastic fluids of this 
nature always occupy the whole of any vessel in which they may bo 
contained, whatever their quantity of matter may be, as deter- 
mined by their weight; liquids or fluids devoid of this power of 
elasticity, in vessels which they do not fill, always present a level 
surface, — «. ^., a surface parallel to the general surface of the globe. 
This is determined by gravity, the law of which they are free to 
obey, unopposed by any counteracting force; the surface of an 
elastic fluid is always coincident with that of the containing vessel 
in which it is confined. 

§ 43. If we take a strong tube or barrel of metal or glass, 
closed at one end, and closely fitted at the other with a piston, 
or moveable plug of leather, which will not allow of the passage of 



(.3) This figure represents the form of Mariotte’s expe- 
riment. A n is a glass tube, turned up, and closed nt the end, 
c ; it is divided and graduated into equal parts ; mercury is 
poured into it, so as to occupy the lower part of the tube to the 
**first horizontal line, and a portion of air is inclosed at c, of 
the ordinary elasticity, which it will be hereafter seen is equal 
to the pressure of about thirty inches of mercury. If more 
mercury be now poured into the longer leg, so that it may 
stand at thirty inches above the level of the mercury in the 
shorter leg, it will press with its whole weight upon the 
included air, which will then be found to occupy only half its 
former space. If, in like manner, the column of mercury ho 
increased to twice this length, the pressure upon the included 
air will he tripled, and the space occupied by it will he 
reduced to one-third, &c. 
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air at its sides, on pressing it downwards we shall find the same 
kind of increasing resistance from the included air, as in the case 
of the bell-glass under water. This elastic force may be made 
to perform mechanical work; and if the piston be perforated, 
and the perforation be covered with a valve, or little door, opening 
upwards, as we press it down the elasticity of the air will raise 
the valve and allow it to escape, and the piston will freely descend. 
If we attempt again to draw the piston up, we shall feel a strong 
opposition in the contrary direction. As the piston rises, an empty 
space is left between it and the bottom of the barrel; for the 
exterior air, in attempting to pass in, by its elastic force firmly 
closes the valve. If by strong muscular force w^e succeed in drawing 
the piston up, upon discontinuing the effort it will be forced down 
again to the bottom by the exterior pressure. Let us suppose 
now the bottom of the barrel to be fitted with the same kind of 
valve as the piston ; as the latter ascends, the elasticity of the portion 
of air included in any vessel with which it may be connected will 
raise the valve, and the air will flow into the barrel : when the 
piston is again forced down, this valve will be closed by the force 
above it, and the included air will again pass oflT through the piston- 
valve, and we can repeat this operation, gradually withdrawing 
barrel-full after barrel-full of air from any vessel till the residual air 
becomes so reduced as not to have elastic force enough to raise the 
valve. Two such barrels so fitted with pistons, with a mechanical 
apparatus, for alternately raising and depressing them, constitute the 
essential parts of the air-pump (4). 

§ 44. Now if we take a thin glass globe or flask, fitted with 
a stop-cock, we may by those means exhaust it of the greatest part 
of the air which it contains, and equipoise it upon the balance. 
Upon opening the stop-cock, air will rush into the empty vessel, 
and it will preponderate ; and it will require a considerable weight 


(4) a and h in the adjoining figure represent the cylinders, in which 
the pistons, c and «?, arc accurately fitted; at the bottoms of the cylinder are 
the valves A, A, opening qpwards ; and in each piston is a valve g, g, also 
opening upwards; the bottoms of the cylinder are connected by a tube, e, 
with the pump-plate, upon which stands the bell-glass, y'; in the cylinder 
a, the piston is represented in the act of ascending, when the valve g, 
is closed, and a vacuum would be formed beneath the piston, but for the 
'opening of the valve /«, by the elasticity of the air in the receiver. In 
the cylinder the piston is in the act of descending when the valve h 
is closed, and the valve g open, by which all the air in the cylinder is 
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in the opposite scale to restore the equilibrium. To ^ascertain the 
exact weight of any given volume of air, it will be necessary to 
measure it, and this we cannot do by measuring the capacity of the 
globe, for the best air-pump will always have a residual quantity 
after exhaustion ; but by connecting the exhausted vessel with an 
accurately graduated jar (5), standing upon the water-bath, the 
air may be made to enter from the latter, and the rise of the water 
into the jar will indicate the exact quantity which has been thus 


forced out; and in this manner a portion of the air is withdrawn from 
the receiver at every stroke of the pump. 




(5) a represents the air-jar, graduated into cubic inches, 
and parts of a cubic inch ; 6, the glass balloon ; each is fitted 
with a stop-cock, and connecting- piece, 
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abstracted (6). By careful experiments, conducted upon this prin- 
ciple, it has been found that 100 cubic inches of atmospheric air, 
under standard circumstances, to which we must hereafter advert 
more particularly, weigh 31 grains, — or 815 times less than an 
equal bulk of water. We shall find that there are many different 
kinds of aeriform matter, differing very greatly in their sjifecific 
gravities : this is the mode by which they may be ascertained, 
and atmospheric air is the standard to which they are all referred, 
just as the specific gravities of solids and liquids are compared with 
water. 

In the following table are included the weight of 100 cubic inches 
of the lightest and heaviest known forms of matter ; of the same 
quantity of atmospheric air: and of water in ks three physical 
states. The specific gravity of each, compared with air and water, 
is also shown. 


(6) The most convenient table for collecting or transferring gases is 
here represented ; a is the wooden stand which holds the water-bath, which 
consists of a deep well at 5, in which the jars may be filled with water, 



and a shallow shelf, upon which, when inverted, they may be placed ; 
at c a jar is represented standing over a groove, by which the gas, disen- 
gaged from the retort, is conducted into it. The gas gradually rises in 
bubbles, by its levity, and displaces the water. 
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Table I. Of Specific Gramties. 


Cubic 

Weights. 

Spocific Grftvity^ 

Air 1. 

Specific Gravity, 
Water 1. 

Inches. 

Hydrogen . 100 

Ak • • 100 

Steam . 100 

Ice . .100 

Water . 100 

Platinum . 100 j 

Grains. 

2.138 

31.000 

19.220 

23735.000 

25250.000 
542875.000 

0.0694 

1.0000 

0.6240 

765.0000 

814.0000 
17512.0000 

0.0000846 

0.0012277 

0.0007611 

0.9400000 

1.0000000 

21.5000000 


§ 45. The weight or pressure of the atmosphere was first, 
however, demonstrated in a different way by a celebrated Italian 
philosopher, named Torricelli, in the year 1643. His attention was 
drawn to the subject by the attempt of a well-digger, at Florence, to 
raise water by a sucking-pump to a height exceeding 33 feet. The 
rise of water in a tube, by these means, had up to that time been 
ascribed by philosophers (who, as it is to be feared sometimes now 
happens, disguised their ignorance under the cloak of indefinite and 
specious expressions) to Nature'' s abhorrence of a tacuum. The well- 
digger failed in his enterjjrise, and applied to Torricelli for advice ; 
who, seeing the absurdity of the conclusion that nature only abhorred 
a vacuum to the extent of 33 feet, suspected that the cause of the 
ascent of water in the pump-pipe might be the pressure of the 
atmosphere ; and that a column of water of about the height men- 
tioned, was sufficient to equipoise the air (7). He concluded that if 
this were the case it would only support a shorter column of any 
denser fluid, and he immediately had recourse to experiment to 



(7) The annexed figure represents the construc- 
tion of the common sucking-pump : a, b, is the barrel 
fitted with a piston, in which is a valve at A, opening 
upwards ; another valve e, at the bottom of the barrel, 
also opening upwards, closes the communication with 
the pipe, B, d, which descends below the level of the 
w^ater, m, n. As the piston rises, a partial vacuum 
is formed beneath it, and the superior elasticity of the 
exterior atmosphere pressing upon the water, m, n, 
forces it to ascend into the pipe from n to c. The 
descent of the piston closes the valve E, forces out 
another portion of the air through the valve a, and 
upon its return the valve e again opens, and the 
water is forced past it into the barrel. Another 
stroke of the pump drives the water past the valve 
A, also, and lifts it into the reservoir L, o, from which 
it flows, through the aperture r. 
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confirm his conjecture. He filled a glass-tube, three feet long, and 
closed at one end, with quicksilver, and inverted it in a basin of the 
same fluid ; it immediately sank about six inches from the top of the 
tube ; proving that the pressure of the atmosphere which could 
support a column of water of about 33 feet in height, could only 
support a column of mercury of 30 inches, the height of the columns 
being in exact proportion tojthe specific gravities of the two liquids, 
or as 13^ to 1 (8). 


§ 46. Thus was invented that useful instrument the barometer ; 
for a tube filled with due precautions wholly to exclude the air, and 
accurately adjusted to a scale for the purpose of measuring the exact 
height of the column from the surface of the mcrciJry in the cistern, 
constitutes the essential part of this simple but highly ingenious con- 
trivance (9). In confirmation of the principles upon which it had 
been constructed, it was soon observed that upon ascending a hill 
the quicksilver fell in the tube ; obviously because the column of 
air was shortened which supported it. This observation was, not 
long after, applied to the measurement of heights. 


c 


(8) IT, B, represents a tube, which having been 
filled with mercury, and closed with the finger, has been 
inverted carefully beneath the surface, d, c, of the mer- 
cury in the glass basin, n, c, f, e. Upon removal of the 
finger from n, the mercury has fallen in the tube from 
n to G, the column of mercury, a, g, being the exact 
equipoise of the elasticity of the atmosphere at the time 
of the experiment. 


11 




(9) In this figure is represented the mode by which the 
fluctuations of the height of the mercurial column, F, B, are 
indicated by the index upon the dial-plate, h, l, in the 
common wheel-barometer ; a glass weight, E, attached to a 
thread, passing round a pulley, to which the index is fixed 
at B, and nearly counterpoised at R, is allowed just to rest 
upon the surface of the mercury in the open siphon end of 
the tube at a ; it consequently rises and falls as the column, 
B, E, becomes longer and shorter, and the motion of the 
thread turns the pulley, and moves the index through the 
arc of a graduated circle. 
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The gravity and elasticity of the atmosphere react upon one 
another in such a way that the space which the same absolute 
weight of air occupies at different heights, must be the measure of 
both. If we suppose it divided into strata of equal thickness from 
the top, the first stratum will press downwards by the whole of 
its own weight, but by nothing more ; the second will press down- 
wards by its own weight, and will be compressed by the weight 
of the first in addition ; a third will have to support its own weight 
and the weight of the two preceding ; a fourth will be compressed 
by three, and so on, each stratum being compressed by the whole 
thickness of the one above it. Thus the pressures at different 
heights will be inversely as the squares of the distances from tho 
surface of tho earth, and will be measured by corresponding dimi- 
nished heights of the column of mercury in the barometer. Thus, 
supposing the length of the equiponderant column, at any given 
time, to be 30 inches at the level of the sea, at the height of 

5,000 feet it would be .... 24.797 inches. 

10.000 „ „ 20.499 „ 

15.000 „ „ 16.941 „ 

20.000 „ „ 14.000 „ 

§ 47. The moan height of the barometer at the level of the sea 
is very nearly SO inches, but a very little observation will prove that 
it is subject to perpetual oscillations within the limits, in this country, 
of about two inches and a half ; these are dependent upon agencies 
which we will endeavour to develope at a more advanced period of 
our inquiry. We may at once, however, remark, that the existing 
pressure of the atmosphere regulates the elasticity of every portion of 
aeriform matter inclosed in jars or bell-glasses inverted over water, or 
any other liquid. If such a glass be carefully turned down upon 
the water-bath, so that tho water may stand at the same level both 
inside and out ; it is clear that it will enclose a portion of the atmo- 
sphere of the existing elasticity : supposing the glass to have been filled 
with water, and afterwards with any elastic fluid thrown up into it, 
by that kind of upward decantation by which air, from its compara- 
tive levity, may be made to displace the heavier fluid, its elasticity 
must be governed by the same exterior pressure. It is necessary, 
therefore, to take the amount of this variable pressure into consi- 
deration, in taking the weight of any air by the process previously 
described (§ 44), and to assume some fixed pressure to which they 
may all be referred in taking their specific gravities. This standard 
pressure is 30 inches of mercury, and nothing can be more simple than 
the calculation by which observations made under any other pressure 
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may be reduced to this standard : the law being kept in mind, that 
the weight is always directly, and the volume inversely, proportionate 
to the pressure. Suppose, for instance, that, with the barometer at 
29 inches, we had found the weight of 100 cubic inches of air to be 
29.9 grains, and wished to know what the weight would be at 
standard pressure — ^by the rule of proportion we shall find, 29 : 30 
: : 29.9 : 31.0. Or, suppose that we had measured 100 cubic inches 
of air, at 29 inches, and wanted to know what the volume would be 
at SO inches, we shall have 30 : 29 : : 100 : 96.6. 

§ 48. In measuring gases over the water, or mercurial baths (10), 


(10) The mercurial bath is here represented, by which gases which 
are liable to be absorbed by water may be collected and transferred ; it is 
constructed of iron : a is the shallow part of the bath, and b the well for 
filling the jars ; c is a glass jar, serving the purpose of a reservoir. It 



small bell-glass placed in the basin of mercury, at d, A jar, partially 
filled with gas, is represented at a, 
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it is also necessary to take care that the liquid within and without 
the Vessel stand at the same level ; and where this cannot be effected 
by plunging it into the deeper part of the bath, tho difference of 
level must bo measured, and the following simple correction applied. 
Suppose a quantity of air confined over mercury, the level of which 
tetands higher by two inches within tho jar than without, it must be 
obvious that the pressure of the atmosphere balances not only the 
elasticity of the included air, but the weight of the mercury within 
the jar ; the elasticity of the air must therefore bo less than that of 
tho atmosphere at the time, by an amount of which the difference of 
the level is the measure ; under the circumstances, two inches must 
be deducted from the height of the barometer, and the correction for 
pressure applied as before. Should tho difference of level occur 
with water, it may be reduced to the corresponding difference of 
mercury, by dividing it by 13.5, the difference of the specific 
gravities of tho two liquids (11). 

§ 49. The atmosphere presses upon the surface of the earth, 
and upon the surfaces of all bodies which are plunged into it, with 
the same force as that by which it supports the mercury in the 
barometer ; and a column of mercury, 80 inches in height, whoso 
base is one square inch, would weigh about 15 lbs. ; and would press 
upon tho earth with the same force ; every body, therefore, u])on tho 
surface of the earth, at tho level of the sea, supports an average pres- 
sure of 15 lbs. upon every square inch of its surface. That we are not 
sensible of this pressure on our own persons, and on all surrounding 


(11) The rarefaction of the air in any vessel connected with the 
air-pump, may be measured by gauges, acting upon the principie of tluj 
barometer. In figure 4, (page 28) h represents a barometer-tube, oi^cuing 
under the receiver, and dipping at its lower end into an open cistern of 
mercury. As the air under the receiver becomes rarefied, the superior elas- 
ticity of the atmosj)here raises up a column of mercury, whicli, upon the 
supposition of the total abstraction of air, w ould stand at the same height 
as the barometer. The difference bet’ween the two, measured upon a scale 
of inches, indicates the elasticity of the residual air. The sijdion-gauge, at 
*, does not begin to act till the rarefaction has been carried on to a very 
great extent. The upper part of the siplion is filled with mercury by 
boiling, which is kept in its place by the pressure of the air ; when this 
is diminished to such a degree as not to be able to support a column 
of mercury equal in height to the upright part of the tube, it begins to 
fall away from the top, and to rise in the parallel leg of the siphon, and; 
as the equality of these tw o columms would denote a perfect vacuum 
above each, the elasticity of the air in the receiver, with which the 
instrument is connected, is measured hy their difference 
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objects, is owing to its equality in all directions. From the fluidity 
of the atmosphere, — the perfect mobility of its particles, — any force 
is equally distributed throughout its mass, and its gravity not only 
presses downwards, but upwards, and laterally, and in every direc- 
tion alike. If we destroy this equilibrium, as we may easily do by 
the air-pumj), the pressure becomes immediately manifest ; almost 
the first stroke of the pump fixes the receiver to the plate, and after 
the air has been exhausted to the utmost we may raise the weight 
of the pump itself without detaching it. It is for the purpose 
of enabling them to bear this enormous pressure that such glasses are 
made of a spherical form. If a glass of a cubic shape be exhausted, 
it is speedily crushed to atoms; or, if a bottle. of a similar shape 
be hermetically sealed, when filled with air of the usual density, and 
enclosed under a receiver from which the air is pumped, the elasticity 
of the included air no longer being counteracted by the exterior air 
it will burst outwards wdth ecpial violence. 

It is curious to remark how frequently common experience has 
anticipated science in the application, if not in the formal announce- 
ment, of scientific principles. A beautiful illustration of the expan- 
sive power of heat, and the pressure of the atmosphere, occurs in 
baking a fruit pie. The cook inverts a cup in the dish, from which 
a jjortion of the air is expelled by the heat of the oven ; when allowed 
to cool, the remainder contracts, and a ))ai'tial vacuum being formed, 
the pressure of the atmosphere forces the juice to rise in the cup, 
and thus prevents its coming in contact with the crust, by which it 
would be absoi*bed. 

§ 50. The surface of a man of ordinary stature is about 15 
sciuaro feet, so that the atmosjdieric pressure uj)on his body amounts 
to 14 tons ; this he sustains with perfect convenience, because every 
cavity of his body is distended with aeriform matter of the same 
clastic force. He also moves about under this enormous load 
without being conscious of its existence, owing to the equality of 
its action : could we suppose the air to cease to i)ress in an upward 
direction, while its downward weight continued, he would be bound 
to the spot on which his foot rested as effectually as the rooted oak. 
Something of this we may indeed feel from the fatigue we endure 
in walking upon a stiff clay. In such a soil the air is more or less 
pressed from under the feet, and just upon the same principle that 
the boys^ plaything, called a sucker, raises the weight of a large 
, stone, a strong eftbrt is necessary to overcome this unequal pressure. 

Those who ascend into the higher regions of the atmosphere, 
by climbing lofty mountains, or by balloons, often feel inconvenience 

D 2 
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in tlieir oars, and other cavities of their bodies, from the included air 
not having time to adjust itself to the diminished pressure of the 
outward medium ; and it is no wonder that persons of weak consti- 
tutions often feel considerable discomfort from sudden changes of the 
weather, when barometric oscillations may indicate a change of 
pressure upon their bodies of 18 or 20 hundred weight in the course 
of a few hours. 

§ 51, The alternate action and reaction of mechanical force 
and elasticity, and the consequent propagation of force to a distance, 
by 'tlhration^ are beautifully illustrated by the phenomena of sound. 
The complete developcmcnt of the subject constitutes a distinct 
branch of science, under the name of Acoustics: we can only here 
advert to the play of the forces which are concerned in its production. 

When the particles of an clastic body are suddenly disturbed by 
an impulse at a particular point, the force spreads throughout their 
substance from that point, as a centre, and they return to their state 
of rest, by a series of isochronous Tibrations^ or rapid movements to 
and fro ; equal numbers of which take place in equal times. The 
rapidity, force and permanence of these vibrations depend upon the 
elasticity, the form, and the mode of aggregation of the ])articles 
of the vibrating body. They are not confined to the substance in 
which they are produced, but they communicate themselves to the 
surrounding air in which, on account of its elasticity, they excite 
equivalent condensations and dilatations which again are propagated 
to a distance. The corresponding impulses ])roduced upon the ear 
constitute sound. If the successive impulses form a connected series, 
following each other too rapidly to be seijarately distinguished, they 
constitute a continued sound like that of the voice in speaking ; and 
if they are equal among themselves in duration they produce 
a musical or equable sound, as that of a vibrating string, or of the 
voice in singing. A quill striking against a piece of wood causes 
a noise, but striking against the teeth of a wheel, or of a comb, 
a continued sound; and if the teeth of the wheel bo at equal 
distances, and the velocity of the motion of a certain amount, and 
constant, a musical note (12). The lowest sound which can bo 
called musical, is produced by 16 vibrations in a second of time ; 
though, according to the observation of Dr. Wollaston, some ears are 
so constituted as to be able to appreciate notes at both extremities 
of the scale, which are inaudible to others. The higher octavo 

(12) A B represent tlie two prongs of a tuning-fork made of 
steel; if one of them, a, be struck against a solid substance it will 



MUSICAL NOTES. 


37 


to this sound is produced by double the number of vibrations, and 
the double octave by four times the number in the same time, and 
so on in the progression 16, 32, 64, 128, 256; the last of which 
produces the note which is designated as the middle C on the piano- 
forte. The fixedness of these relations is such that the well-known 
sound of the different musical notes has been employed by Professor 
Wheatstone as the measure of velocities in machines which are 
utterly inappreciable by ordinary mechanical means. 

A certain time is always required for the transmission of an 
impulse tlrrough a material substance, and this time varies with its 
hardness and compressibility. The velocity of sound in air has been 
found by experiment to be 1130 feet in a second ; in water, 4900 
feet ; and along a deal rod, 17,400 feet. 

§ 52. As the force from the original impulse diverges in air, 
and spreads through a spherical space, its intensity must decrease as 
the square of the distance, but it is capable of being turned back 
or reflected from the surface of any solid obstacle. 

§ 53. A musical string gives a very feeble sound when 
vibrating alone, on account of the small quantity of air set in 
motion ; but when attached to a large surface of wood, or to what 
is called a sounding-board in musical instruments, it communicates 
its oscillations immediately to that surface, and the whole system 
vibrates isochronously. The extensive vibrating surface again trans- 



momentarily assume the position, nearer to the other prong, 
B, but from its elasticity it -will immediately return to its 
former position, beyond which it will be carried by its mo- 
mentum to the position «, about as far from a as the second 
position, 6, and thus a series of rapid vibrations is brought 
about, which being propagated through the air to the ear 
produces the sensation of a musical note. 
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mits its motions to the surrounding mass of the air, and the sound 
is much increased. 

§ 54. The oscillations of a solid body are not confined to one 
direction, but may be longitudinal, transverse, or rotatory, in every 
plane, or confined to one plane, accordingly as the impulse is com- 
municated. Differences in the structure of a body may influ- 
ence the direction of its vibrations. If a little fine dry sand be 
strewed over a vibrating surface, it will bo thrown into violent 
agitation by the force communicated to it in particular situations, 
but in other situations it will remain at rest, and it will thus 
enable the eye to distinguish the vibrating from the quiescent parts. 
Thus, if vibrations be excited in a plate of glass or metal, by drawing 
the bow of a violin across its edge, it will omit a musical sound, 
and the sand will immediately arrange itself in certain lines 
regularly disposed, whore it will accumulate from other parts, and 
remain at rest. It is thus found that the adjacent divisions of the 
surface are in different states of vibration, some being always elevated 
while others are depressed ; and the oppositely vibrating parts are 
separated by lines of rest. These linos of rest are termed nodal 
lines^ and they vary in form and position with the part where 
the bow is drawn across ; but the point by which the plate is held 
being necessarily in a state of rest, must bo included in a nodal 
lino (13). Similar points of rest, or nodal points, are found on 
a vibrating string ; and pieces of paper placed at the half, third, 
fourth, or other aliquot points of its length, will remain on it 
during its vibration, but will instantly fly off from any intermediate 
points. They are points of equilibrium between two adjacent 
oppositely vibrating parts. Indeed all vibrating bodies have a ten- 
dency to divide themselves into a certain number of parts which 
perform these vibrations independently of each other. 

§ 55. The amount of force which may be accumulated from 


so <6^ 



(13) If a plate of glass, a, 5, c, be held hori- 
zontally at its centre, e, between the finger and thumb, 
and sand be scattered over its upper surface, upon 
causing it to emit a musical note, by drawing a violin- 
bow along its edge, the sand will arrange itself in 
lines constituting regular figures, the form of which 
will depend upon the pitch of the note. The lines 
«, E, 5, E, c, E, E, in the figure, represent a com- 
mon arrangement of these nodal lines ; the point, e, 
by which it is held, will be, of course, quiescent. 
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tho frequent and regular repetition of minute impulses to the par- 
ticles of elastic solids is very great, just as momentum may be 
accumulated in a pendulum by frequent small impulses (§ 29) ; and 
tho cohesion of glass itself has been known to yield under the 
intense vibrations of a musical note. If wo pass our moistened 
fingers lightly along a glass tube, two or three yards in length, and 
from three-fourths of an inch to an inch in diameter, we may 
generate a force which will be sufficient to move a leaden ball 
placed within it, and even to draw it up against the action of 
gravity, when the tube is inclined several degrees to the horizon. 
Or if we fix a small glass tube into a beam of wood, and cause it to 
vibrato longitudinally, in tho same way, the successive and periodic 
impulses will be sufficient to agitato the beam throughout its mass, 
and to produce vibrations of such an extent that whole handfuls 
of sand thrown upon it will be projected upon the lines of rest, 
which will thus be accurately defined. 

§ 5C. These vibrations alter tho molecular arrangement and 
strength of bodies while they last, so that if a weight of 90 pounds 
be suspended fi*om a copper band of three yards in length, 0.4 inch 
wide, and 0.04 inch thick, it will remain unchanged for any length 
of time ; but if made to vibrate, it will become lengthened six or 
seven inches. M. Savart has lately measured the lengthening of 
rods of glass and brass by tho act of vibration, under the friction 
of a damp cloth, and ascertained the amount of mechanical force 
which would be rccpxircd to bo directly applied to produce the 
same effect, and found it to bo in the first case, (tho diameter of the 
cylinder being 1.14 inches,) equal to a weight of 2000 pounds; and 
in the second, (the diameter being 1.38 inches,) 3800 iiounds. The 
facts are of the utmost practical consequence with regard to struc- 
tures in metal which are destined to support great weights, and 
are at the same time exposed to regular oscillations and vibrations. 
We will now direct our attention to the forces of 

Homogeneous Attraction and Repulsion. 

§ 67. The force of cohesion in bodies is measured by the 
amount of any force which may be required to separate thejr par- 
ticles, or break them, and may be ascertained by experiment. The 
opposing force may be apjdied in various ways. (1) It may tend t 
tear the body asunder, in the direction of its fibres ; (2) it may tend 
to break the body across ; (3) it may tend to crush the body ; (4) it 
may tend to separate the particles by means of torsion or twisting. 
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The investigation of the strength of materials, and the different 
degrees in which they resist the action of force, so variously applied, 
belongs to mechanical science. The following table shows the 
force of cohesion from experiment of a few solids, as indicated by 
the weights required to tear them asunder, and to crush them. 


Table II. Of Strength of Materials. 


Bars 1 inch square 


Cubes of 1 inch 

tom asunder. 


crushed. 

Cast steel 

140,000 lbs. . 

— 

Cast iron 

— 

10,000 lbs. 

Cast copper 

19,000 lbs. . 

7318 lbs. 

Wrought copi^cr , . 

33,000 lbs. . 

. 6440 lbs. 

Brass 

17,000 lbs. . 

10,304 lbs. 

Tin . 

4700 lbs. . 

. 966 lbs. 

Lead 

1800 lbs. . 

483 lbs. 

Elm ... 

5800 lbs. . 

. 1 f 1284 lbs. 

Pino 

10,400 lbs. . 

. gJ 1606 lbs. 

Oak 

10,000 lbs. . 

. £( 3860 lbs. 


§ 58. The force of cohesion is opposed to mcclianical force in 
the case of the surfaces of two solids of the same substance moving 
upon each other, and is estimated by the resistance to the motion, 
which is denominated friction. 

Friction is greatest between rough surfaces, and diminishes 
with the degree of polish given to them. 

All other circumstances being equal, it is directly proportioned 
to the pressure of the two bodies. Friction also arises from a similar 
opposition of the force of adhesion, in the case of the two surfaces in 
motion being of dissimilar matter ; but it is greater between homo- 
geneous substances than between, heterogeneous ones. 

§ 59. The subject of friction, again, is purely mechanical ; 
but we re-enter within the strictest limits of our department in 
considering next, those adjustments of the two antagonist powers 
of homogeneous attraction and repulsion, which constitute the 
physical states of solid, liquid, and aeriform. The best, because the 
most .familiar, illustration of these three different states, may 
bo derived from our §yery day observation of the changes which 
water undergoes. Every one knows that by abstracting heat 
from water, or cooling it to a certain point, we can convert it 
into a solid which we call ice; we diminish the repulsive force, 
and the attractive gains the ascendency. The amount of this 
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cohesion we can estimate by the mechanical force required to disin- 
tegrate it ; but pound it, and comminute it as we will, we can never 
by these means totally overcome the attraction which constitutes its 
solidity ; we can never so far unloose its constituent molecules as to 
give them freedom of motion amongst each other. The application 
of warmtli will, however, gently and (juietly loosen the tie ; the ice 
will dissolve, and the liquid particles will yield in all directions to 
the slightest impulse. 

§ GO. It is in consequence of the almost perfect manner 
in which cohesion is suspended in liquids that pressure is communi- 
cated by them in all directions alike. Solid bodies gravitate in 
masses, and exert no lateral pressure; but ^le particles of fluids 
gravitate independently of each other, and pi’ess against eacli other 
in every direction, not only downwards, but u])wards and sideways. 
It is in consequence of this lateral pressure that water flows from an 
opening in the side of a vessel in which it is contained ; and the 
lateral pressure is the result of the downward pressure of the licpiid 
above, and exactly eciual to it : consequently, the lower the orifice 
is made in the vessel the greater will bo the velocity of the water 
running out of it, and the further it will be projected from it (14). 
It is the same pressure acting upwards which occasions w’atcr, when 


(14) If D be a hole made in the side 
of the vessel of water, a, the water at d 
would only he pressed by the simple 
weight of the perpendicular column of 
w'atcr from a to d ; but when the orifice at 
I) is open, and the water permitted to spout 
out, its motion throws its whole column 
into action, and it wdll now press upon 
and discharge the water from i>, w ith the 
same force as if the water had been i\ 
solid descending from a to d, which 
would be as the square root of the height 
A d: and, for the same reason, water issuing from other orifices, c 
and B, would run in quantities and velocities proportionate to the 
square root of their depths below the surface of the fluid. If d be 
four times ^as deep below the surface, a, as B, it wdll discharge twice 
the quantity of w^ater wdiich can flow from b in the same time ; and 
if D were nine times the depth of b, three times the quantity would issue 
from it. 
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poured into one leg of a siphon, to rise to the same height in the 
other (16). 

§ 61. But it is not only the pressure of their own particles 
which is thus equally distributed throughout masses of fluids, but 
external force or pressure is communicated in the same way. In 
the Bramah^'s press an immense accumulation of force is brought 
to bear upon a particular point by pressure applied to a small 
column of water, reacting upon a larger mass placed under the 
surface of a moveable piston in a large barrel (16). 


(15) This figure represents the arrangement of an 
experiment which commonly goes by the name of the Ily- 
drostatical Paradox. « 6 is a narrow tube connected with 
the extensible vessel, c d e; when water is poured into 
the tube, the weight upon the •surface will be raised by 
the pressure of the column of water in the tube, which 
will act with the same force as a column of water of the 
same height, whose base would have an equal area with 
the surface of the vessel. 




(16) This figure represents a sec- 
tion of the press, d is a small but strong 
pump-barrel, fitted with the piston, q, 
which is worked by the lever ic L. By 
this pump water is raised from the reser- 
voir, E, and injected under the large pis- 
ton, A, M, fitting tightly in the barrel, h, n, 
and to which the press-plate, p, is at- 
tached ; any force which is exerted upon 
the piston q, is multiplied upon the piston, 
M, in direct proportion of the area of the 
latter to the former, and any substance 
placed between the platei^ i f, thus 
becomes violently compressed. The pres- 
sure is immediately relieved by turning 


the screw N, by which the water is allowed to flow back into the 


reservoir. 
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§ 62. That imperfect destruction of cohesion, which is 
effected by mechanical force, is curiously contrasted with its perfect 
suspension by heat, by comparing this equal pressure of liquids with 
that of sand, or some other finely disintegrated solid. If we pour 
sand into one leg of an inverted siphon it will not mount in the 
other, and will even extend a very little way into the horizontal 
part. Whatever pressure be given to its upper surface will exert no 
influence on the issue below. A half* hundred weight placed upon 
it will produce no difference. The weight is not merely sup- 
ported upon the base of the column, as in the case of a solid, but by 
the sides of the containing tube. The lateral pressure, however, does 
not vary with the height, as in the case of a liquid ; but sand will 
flow out of lateral apertures made in a box, . in which it is con- 
tained, with equal velocity, whatever may be the height of the 
column within (17). 

Single grains of sand, placed upon a flat surface, do not begin to 
roll until it is inclined between 30° and 40°, and this is the angle at 
which the pressure is exerted, when this motion is resisted. The 
angle formed by a heap of shot or peas is 30°, and the weight of 
a pyramid, whose sides are inclined at this angle is alone supported 
by the base, whatever may bo the height of the column confined 
above it (18). 

A very simple mode of showing this effect is, to take an open 
tin tube of any length, an inch in diameter, and to press a piece of 
thin paper, wdtli the edges moistened, against the end of it, letting 
it adhere sim])]y by such moisture ; then, placing the tube upright, 
with that end upon a table, to fill it with sand, and afterwards 
gradually to raise it; whatever the weight M tlio tube and its 
contents, it may be carried anywhere in that position, although the 
paper bottom adheres but very slightly. 


(17) A B c D represents a box filled with pure 
dry sand : if equal slits, a h c, be made in one of 
its sides, equal quantities will flow from them in 
equal times and will be projected to equal dis- 
tances, notwithstanding the diflcrence in the heights. 
This figure should be compared with figure 14, 
which represents the flowing of water under similar 
circumstances. 


(18) If sand be allowed to fall from a height, c, upon a flat surface, 
A B, it will form at first the small cone, 1 1, which ivill increase to 2 2, 3 3, 
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§ 63. After the cohesion of ice has been suspended, a further 
accession of heat will convert the liquid water into a highly- elastic 
aeriform fluid, which is commonly known by the name of steam. 
The repulsive force acquires the ascendency ; the constituent parti- 
cles tend to fly from one another, and are only restrained by the 
pressure, of that surrounding atmosphere which regulates the elasti- 
city of all aeriform matter which is not insulated from its action. The 
progress of this change of state is not so obvious and familiar as the 
preceding, but it is easily illustrated by experiment. If we take 
a glass tube blown at one end into a bulb, and fit it with a leathern 
piston fixed to a hollow rod, the bore of which is capable of being 
closed with a screw, and cause a little water to boil in it under the 
piston ; steam will presently issue with some force from the passage 
in the rod, which is to be left open for the ])urpose of giving it vent. 
Upon closing this passage, the elastic force of the steam will accu- 
mulate till it forces the piston to the top of the tube (19). Tliis 
force may be instantly annihilated by removing the bulb from the 
source of heat, and blowing upon the tube ; the aeriform water will 
resume the liquid state, and the ])ressuro of the air upon the upper 
side of the piston being no longer counteracted by the elasticity 
of the steam on its under side, it will be forced down to the bottom 
of the tube. A fresh application of heat will restore the elastic force ; 
it will again be forced up; and by a repetition of the process 
this little model of a steam-engine may be kept in action. Why 


&c., and as it rolls down will always maintain a conical surface whose 
inclination to the base is about 30^. The direction of the pressure of the 


c 



sand, in the box a B c n, fig. 17, and its equality, is represented by the 
pyramids, d e f. 

(19) a represents the glass-tube, with the bulb at its lower end; 
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tlio processes of liquefaction and v^orization take place slowly 
and gradually, — ^why a mass of ice does not instantly melt, or 
any body of water flash into steam upon reaching the proper tem- 
peratures, will be shown when wo come to treat of the laws of 
that extraordinary agent, heat, upon which these transformations 
depend. 

§ 64. There is great reason to suppose that all unorganized 
matter may be susceptible of similar changes of state ; — that every 
solid might assume the state of a liquid, and of an aeriform body ; 
and that every air, or gaseous body, might be reduced to the liquid, 
and even solid, state. Our command over the forces of nature 
does not extend so far at present, but the phenomena which we will 
further examine are so general as to justify the conclusion that they 
are universal. 

§ 65. With regard to solids, wo distinguish several pro- 
]ierties as modified results of the force of cohesion ; namely, 
liai’dncss ; elasticity ; brittleness ; malleability ; ductility ; and 
compressibility. 

§ 66. ^.riie relative hardness of a body is determined by its 
capability of scratching, or being scratched by other bodies. It has no 
relation whatever to density, for lead, which may bo easily scratched 
by the nail, has a specific gravity more than three times that of a dia- 
mond, the hardest substance in nature ; neither is it connected with 



h is the handle by which it is held ; c is the pis- 
ton, the rod of which passes through a cork at e. 
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tenacity and brittleness, for iron is easily scratched by glass. It is 
needless, however, to dwell upon a property which every one is 
in the habit of appreciating. 

§ 67. Elasticity is that property which we have already 
exemplified by the flexure of a spring, and the torsion of a thread of 
glass ; in coiisecjuence of which the particles of a solid yield to 
a certain extent when force is applied to them, but immediately fly 
back to their original position when the disturbing power is with- 
drawn. Elastic bodies vary much in the extent to which they yield 
without bi*eakin^, and in the degree of ])crfection with which, after 
the displacement of their particles, they return to tlieir former state. 
A piece of caoutchouc, or Indian rubber, is very elastic, but not 
perfectly so, for it becomes ])ermanently elongated by stretching. 
Glass, on the contrary, is perfectly elastic, for it will retain no 
permanent bend : when drawn into a fine thread it may bo twisted 
round upon its axis many times without breaking ; and when set 
free, always returns to the point from which it set out. 

§ 68. Brittleness consists in the lacility with wdiich a disrup- 
turc takes i)lace amongst the ])articles of a solid, from a slight 
change of position amongst them, beyond the limits of their 
elasticity. It belongs to most hard and elastic bodies, and may 
bo exemplified by glass and steel. 

§ 69. MalleahUity is the capability of extension into thin 
leaves, by hammering. It exists, in different degrees of ])erfection, 
amongst the metals. Gold may in this ^vay be beat into such thin 
leaves that 282,000 of tlu‘m would only make up together the 
thickness of an inch. Silver and copper are likewise capable of 
being extended into very thin leaves ; and tin and lead into foil, 
necessarily of mindi greater thickness. 

§ 70. Ductility^ or the capability of being drawn into thin 
wire, is not, as might at first be su])])Oscd, the concomitant of 
malleability. Iron is incaj)ablc of being beaten into thin leaves, 
but may be drawn into wire finer than a human hair. 

§ 71. CompressihllHy , Some of the metals have their density 
permanently increased by mechanical force ; when thus compressed, 
they do not spontaneously return to their former bulk. 

§ 72. In liquids wo have already seen that cohesion pro- 



PROPEBTIES OP LIQUIDS. 


47 


dominates to a very small degree. Their particles yield amongst 
each other to the slightest impulse, and communicate pressure in 
all directions alike. The force required to change their volume 
in any sensible degree is so great, that until improved means 
of experiment were very recently contrived, they were accounted 
incompressible. It has been found that by plunging a vessel of 
water into the sea, to a depth of 1000 fathoms, the compres- 
sion is one-twentieth of the bulk; and the following table repre- 
sents, according to the accurate experiments of Professor QErsted, 
the amount of compression of several liquids in millionth parts of 
their volume, for each additional atmosphere or pressure of 15 lbs. 
per inch (20). After the pressure is withdrawn they return to their 
original bulk. 


Tahle III. 

Mercury 
Alcohol 
Water 
Ether . 


Compression of L iquids, 

MilHoiitli parts, per atmosphere. 

2.05 
. 21.05 

. 46.05 

. 01.05 


(20) A B c I) represents a strong glass 
cylindrical vessel, to the top of which a 
similar cylinder of metal, a e F B, is firmly 
screwed, an air-tight piston moves in this, by 
means of a screw, k; m is a glass bottle, 
terminating in a fine capillary tube, open at 
both ends ; it is graduated with great accu- 
racy into precise fractions of the contents of 
the bottle. This is done by weighing the 
quantity of mercury which the bottle will 
hold, and the quantity which may be con- 
tained in an inch of the tube. In (Thsted's 
apparatus each inch of the tube was found 
to contain 80 millionths of the contents of 
the bottle. The bottle, with its scale, are 
introduced into the glass vessel, a b c D, 
wliich is then filled with water, and the 
cylinder, A E F B, firmly screwed in its place. 

When the piston is drawn back, water is pressed into the cylinder 
through the siphon, B, connected with the vessel q; when it is full, the 
communication with tlic siphon is closed by a cock ; pressure may then 
be communicated to the contents of the vessel, by the screw, k, and 
lever, 1 1 . The pressure within and without the bottle will be the same. 
Tlie amount is measured by a gauge, N, placed by the side of the bottle, 
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§ 73. Certain differences may be observed in the still re- 
maining cohesion of different liquids. Thus wo distinguish mscous 
and limpid liquids. 

Vhcosity is that quality which renders the homogeneous particles 
less moveable amongst one another, and is the direct opposite 
to limpidity. It is a modification of cohesion somewhat analogous 
to malleability in solids. 

It may be regarded as a kind of approach to the solid state, but is 
distinguished from mere cohesion ; for if two drops of a viscous fluid 
are brought into contact with one another, they run together with 
much less velocity than two drops of a more perfect fluid. 

Oil and syrup are specimens of viscous ; mercury, and spirits of 
wine, of limpid li(j[uids. Some solids, like glass, become viscous by 
heat, in their passage to complete liquidity; whilst others, like 
water, become perfectly^ limpid at once. 

§ 74. Aeriform fluids arc commonly and conveniently dis- 
tinguished into two classes : namely, vapours and pases. Steam will 
illustrate the first, and the air which surrounds us the second. W o 


consisting of a glass tube closed at the top, and open at bottom, and 
divided into equal parts; it contains a small portion of air, and is placed 
in an inverted position. Wlicn the pressure is applied, the air is com- 
pressed continually into a less and less bulk ; the diminution of its 
volume being precisely proportioned to the pressure, and is measured upon 
the scal^. 

The water in the tube of the bottle is separated from the water in 
the cylinder, by which the pressure is communicated by a little air con- 
tained in a small funnel inverted over its upper end, which also contains 
a bubble of air ; so that there always intervenes between the exterior and 
interior water a column of compressed water, which may easily be seen 
from without. By a similar apparatus, constructed of metal, to enable it 
to bear a higher pressure. Professor CErsted measured the compressions 
of air to 65 atmospheres. For this purpose, a small index, fixed by a hair- 
spring, was placed in the upright gauge, w^hich being pressed forward by 
a column of mercury, was left at the extreme point to which the liquid 
ivas forced, and thus registered the pressure. The amount of the com- 
pression was also registered, by the simple apparatus, n i F G, which is 
an open vessel containing mercury, in which is placed a glass vessel, 
ABODE, drawn out into a slender tube, D E, and turned down, as shown 
in the figure. This vessel is filled with air, and placed in the receiver, 
and w^hen pressure is applied, the effect is to drive the mercury up the 
tube E 1), and into the vessel c B, compressing the air above it, and falling 
to the bottom of that vessel. The volume of this metal being added to that 
which was contained in the tube, will equal the volume by which the air 
W'as compressed during the experiment. 
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liavo seen that the slightest abstraction of heat proportionately reduces 
the elasticity of steam, and condenses it into the liquid state. The 
slightest increase of pressure beyond the force of its own elasticity 
will produce the same effect, unless a simultaneous increase of heat 
enable it to sustain it ; but the greatest reduction of heat which art 
can produce (and its command in this respect is considerable), and 
the greatest pressure which can be applied, have never yet suc- 
ceeded in bringing the particles of atmospheric air within the verge 
of cohesive attraction. 

§7*^. Other gases, however, which but lately were con- 
sidered to be as permanent as atmospheric air, have yielded to 
the ingenious manipulation of Dr. Faraday. His method consists 
in generating the gas in a confined space, when, from the narrow 
compass into which it is obliged to pack its#lf, the mutual compres- 
sion of its own particles is so great that they come within the limits 
of their self-attractive force, and assume the liquid state. It is true 
that the elastic force increases as the compression ; but the energy 
of the cohesive force, when its limit is attained, in a much higher 
degree ; — not in the inverse proportion, that is, to the distances 
of the particles from one another, but as the squares or, probably, 
some higher power of the distances. Different gases yield to 
different degrees of compression ; a pressure equivalent to two 
atmospheres is sufficient to jumlucc the liquefaction of some, while 
carbonic acid requires thirty-five atmospheres, or a pressure of 525lbs. 
iq^on the square inch of surface ; and although experiment has 
yet failed to produce the effect, fair analogy justifies the hypothesis 
of geologists, that atmospheric air may exist in the liquid state, in 
cavities of the compressed strata of the globe. 

§ 7fi. The diflerence between a vapour and a gas, it may 
be observed, is one of degree and not of kind, for the aerilbrm fluid, 
which in the compressed tube floats above the liquefied portion of 
the gas, is strictly the vapour of the liquid portion, and is influenced 
by precisely the same circumstances as the vapours of liquids, which 
exist as liquids under atmospheric pressure alone. 

§ 77. There are one or two other circumstances attending 
the reaction of the antagonist forces of homogeneous attraction 
and repulsion which ought to arrest our attention. When a liquid 
is about to assume the solid state, if the heat be very slowly with- 
drawn, and 'it pass very gradually under the influence of cohesion, 

E 
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the particles do not rush together into a confused amorphous mass, 
but sometimes build themselves up into geometrical solids of the 
greatest beauty and symmetry. This phenomenon is familiar to us 
in the freezing of water, — so familiar that it does not excite half the 
attention and admiration wdiich it ought to inspire : wo see it in 
the ice which forms upon our windows in tho winter's night, — 
in the hoar-frost upon the trees, and in the construction of flakes of 
snow. The seemingly endless variety of figures which these 
substances present is limited by certain laws, and the lines which 
bound them form amongst themselves no angles but those of 30” 
60” and 120®. If we melt a mass of sulphur, or of the metal bis- 
muth, in an earthen pot, and when it has slowly cooled, so as just 
to become crusted over, pierce the crust, and allow the licpiid 
portion to flow out, we shall find the cavity of tho latter studded 
with beautiful* cubic fo»ns which the most skilful carver could not 
rival (21), and that of the former with no less beautiful six-sided 
prisms and needles. 

These forms are denominated crystals^ and the process is called 
crystallization . 

§ 78. The assumption of the solid form is often attended 
with the exertion of an uncontrollable expansive or repulsive 
force; proving again the porosity of solids, the particles of which 
the prejudices derived from common observation would induce us 
to believe were in the closest contact. 

This phenomenon cannot be better exemplified than in tho 
passage of water into ice. Indeed, the common experience of 
a hard winter places the proof before us, in the bursting of pipes 
in which water is carelessly allowed to freeze : and if wo take 



(21) In this figure is represented 
the section of a crucible containing 
])isniuth, from which the liquid por- 
tion has been allowed to flow out at 
the moment of the consolidation of 
the remainder. 
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a small piece of a gun-barrel, securely plugged at one extremity, 
and closely fitted at the other with a screw, fill it with water which 
has been boiled to exclude the air, carefully close it, and place it in 
a situation where it may freeze, at the moment of solidification the 
barrel will burst with a considerable report. 

The specific gravity of ice, compared with water, is 0.92. 

Iron, likewise, enlarges its bulk at the moment of solidification, 
and hence the particular sharpness of casts which are made with it, 
the expansive force pressing it into the minutest crevices of the mould. 

Other liquids, on the other hand, contract in bulk at the moment 
of congelation, of which mercury is an example. 

§ 79. Heterogeneous Adhesion. 

We come now to the contemplation of the action and reaction 
upon each other of particles of matter of totally different kinds, — of 
different essence and sensible ])roperties : and the first force with 
which such particles have been endowed we may usefully distinguish 
from cohesion, or homogeneous attraction (to which it is opposed), by 
the title of adhesion^ or heterogeneous attraction: we have already 
exemplified it by the wetting of glass by water. 

W e trace it in matter in all its physical states ; /. e, whatever the 
antecedent adjustment of the forces of homogeneous attraction and 
repulsion may be : but it exists in difterent degrees between different 
"Ijodies; and, possibly, between some bodies does not exist at all. 
A y)olished blade of iron is capable of being wetted by water, not, 
however, in so perfect a manner as glass ; but to neither of these 
substances will mercury adhere. It would, nevertheless, be too 
hasty a conclusion to infer from this observation that there were no 
adhesive attraction between the particles of glass, or iron, and mer- 
cury ; the attractive force may exist, but in these instances tho 
homogeneous attraction of the particles of the liquid may bo 
superior to it, and prevent its efficiency. A ])erfectly clean surface 
of jdatinum is capable of being coinpletely wetted by mercury; 
but the thin film of extraneous matters which commonly adheres 
to this metal in its ordinary state, effectually prevents their mutual 
action. 

Guyton de Morveau measured the force with which different 
metals adhered to tho surface of mercury, by suspending equal plates 
from one of the arms of a balance, and ascertaining at tho other tho 
weight which was in each case required to separate them. He 
employed fresh mercury in each experiment, and the following 
table exhibits his results : — 
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Table IV. Adhesion of Mercury, 

Grs. Grs. 

Gold . . ,446 Zinc . . .204 

Silver . . . 429 Copper . . .142 

Tin . . .418 Antimony . .126 

Lead . . . 397 Iroii • • .115 

Bismuth . . 372 Cobalt ... 8 


§ 80. The action of cements, in permanently fixing the 
surfaces of solids together, is dependent upon this force. h"or this 
purpose some substance in a soft or liquid state is interposed, which 
is capable itself of solidifying and drawing the surfaces together by 
this species of attraction. In this way wood may be attached by 
gelatine, or glue ; porcelain, by albumen, or white of egg, and lime ; 
and bricks, by mortar ; so that the adhesion of the sui-faces of junc- 
tion may offer even greater resistance to disruptive force than the 
cohesion of any other part. 

§ 81. The heterogeneous adhesion of solids to each other is also 
of the greatest practical importance when it assumes the form of fric- 
tion, that is, of superficial op])osition to mechanical force, or the motion 
of two bodies in contact (§ 58), All other things being ec^ual, friction 
is less between surfticcs of dissimilar matter than between those of the 
same matter : thus the resistance of iron, moving upon iron, is 
expressed in terms of the pressure by the fraction while that of 
iron upon copper is only J. The interposition of substances whose 
force of cohesion is small, such as jdumbago, or grease, greatly 
decreases friction : thus the resistance of iron uj)on iron is diminished 
to the application of tallow ; and of iron u))on copper to 

^\th. The com])lcto investigation of this opposition of forces 
belongs to the science of mechanics ; it would, however, have been 
a defect in this prejiaratory view, not to have indicated an anta- 
gonism of forces on which we are dependent in almost eveiy action 
of our lives. It is friction which prevents our feet slijjping back 
every time we attempt to advance a stej) ; and those who have 
attempted to walk iijjoii polished ice well know how to appreciate 
the ])assive resistance of heterogeneous adhesion. 

§ 82. A beautiful example of the adjustments which take 
place of the two antagonist forces of homogeneous cohesion and 
lieterogeneQus adhesion, is afforded by the phenomena of, what' 
is termed, capillary attraction. The simplest case of this action 
arises when wo di]) a glass tube of very fine bore (hence termed 
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a capillary tube) Into a liquid which is capable of wetting it ; upon 
attentively examining the appearances presented by such an arniiige- 
inent, wo shall find that the liquid rises in the tube to a certain height 
above the usual level, and assumes a concave surface at its ii])i)er 
extremity. We shall also observe, that on the exterior surface 
of the tube, as well as where it is in contact with the containing 
vessel, the li(piid vA'ill stand above the general surface. 

Now wo have here three forces concerned ; — the force of gravita- 
tion, by the action of which upon the niovoable particles of the 
li([uid the general level of the mass is maintained; the interior 
force of lioniogeneous attraction, drawing the similar particles toge- 
ther, and resisting any force which may tend to separate them ; and 
the exterior foi’ce of heterogeneous attraction between the solid and 
the liquid. The latter has power to draw up the included liquid 
(which is cut off by the glass from the action of the homogeneous 
atti*action of the surrounding mass) against the action of the two 
former forces to a point at which they are all in equilibrio ; and 
this ])owcr increases in some high ratio inversely as the distance ; so 
that the nearer the approximation of the active particles, the greater 
the elevation. This is not only shown by the gradual upward curvo 
of tlie liquid, as its distance from the solid decreases, but may bo 
demonstrated by varying the size of the tube ; when the rise of tho 
liquid will be found to increase rapidly as the diameter decreases. 

It is in conse(pience of the concave surface of tho liquid thus 
j)roduced, that the particles arc drawn inwards by their own attrac- 
tion with less force than when the surface is j^lane, and tho conso- 
([uent diminution of pressure from without, in\vards, is made up by 
an additional column of the li(|uid. 

The same action may be strikingly illustrated by dipping tho 
ends of two ])lates of glass in coloured water, at a very small and 
gradually decreasing distance from each other ; the water will 
rise between them, and the force increasing as tho distance dimi- 
iiislics, will be shown by the hyperbolic curve of tho upper surface, 
the heights of the diflerent points of the surface of the water being 
inversely proportional to the distances from the angle, a property of 
tho curvo which is thus called by mathematicians. 

§ 83. If, on tho other hand, tho liquid into which tho 
capillary tube is plunged, bo incaj)ablc of wetting it, that is to 
say, if the homogeneous attractive force should bo superior to 
the heterogeneous attractive force, a different order of pheno- 
mena will arise, but illustrative of the same principles. A fine 
glass tube, thus immersed into mercury, will exhibit a depression 
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of the internal column of liquid below the general level ; the upper 
surface will be convex instead of concave ; and at the point of 
contact, both of the exterior of the tube and of the surface of 
the containing vessel, the liquid will be depressed. The forces 
concerned in the phenomena are the same as before, but now 
the homogeneous attraction has the superiority. The mercury 
within the tube is cut off by the inactive surface of the glass from 
the homogeneous attraction of the surrounding mass ; its own self- 
attractive force, therefore, acts as from its centre, drawing its 
particles together, and causing them to assume more or less of 
a globular aggregation, according to the same law which determines 
the spheroidal form of a suspended drop of liquid. The increase of 
pressure from without, inwards, which is the consequence of the 
surface being convex instead of plane, is balanced by a diminution 
of the column. The amount of this action is also inversely propor- 
tionate to the diameter of the tube (22). 

The following table exhibits the amount of depression in tubes 
of different diameters. In one column is included the result of experi- 
ments when the mercury has been boiled in the tube ; in another, 
the results after boiling. In the first case a thin layer of air coats 
the tube ; in the second, this is expelled. 


Table V. 


Capillary Depression of Mercury, 


Diameter of tube. 

In. 

0.()0 

0.50 

0.45 

0.40 

0.85 

0.80 

0.25 

0.20 

0.15 

0.10 


Unboiled. 

In. 

0.005 
0.007 
0.010 
0.01 1 
0.019 
0.028 
0.040 
0.059 
0.088 
0.142 


Boiled. 

In. 

0.002 
0.003 
. 0.005 
0.007 
0.010 
0.014 
0.020 
0.029 
0.044 
0.070 


(22.) c n represents a capillary tube, immersed in a liquid capable 
of wetting it, in the vessel e f g h. The liquid stands at a considerable 
height above the general level of the liquid, and is also drawn up by 
the sides of the containing vessel, and the exterior surface of the tube, 
so as to form a curve between them. The form of the surface of the 
liquid within the tube is shown i k I m, a B represents a capillary 
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§ 84. Capillary action is of great importance in many natural 
and artificial arrangements ; and as familiar instances of it, we may 
refer to the absorption of water by a piece of sponge, and to the 
beautiful manner in which the flame of a lamp or a candle is supplied 
with the liquid combustible by its ascent in the wick. The parallel 
interstices of a bundle of small wires will perform this office as well 
as the fibres of cotton, which are commonly employed, and being 
incombustible, maybe perpetually used, provided they be kept clean. 
The natural pores of vegetable bodies are also well adapted to the 
spontaneous ascent of liquids, and it is probable that the motion of 
the sap of plants is considerably dependent upon this power. The 
fact may be pleasingly exemplified by dipping one end of a piece of 
cane into spirits of turpentine, which will rise to the other, and may 
be ignited. 

It is by this force, again, that water is imbibed by the porous 
materials of the earth’s surface, and moisture distributed in due 
proportions to the roots of vegetables. The amelioration of soils 
by culture is brought about by changes effected in them in this 
respect; and the influence of differences, even in their original 
constitution, may be traced in the superior verdure of chalk hills 
over those of sand or gravel. 

§ 85. The action of filtration, to which the chemist is 
so frequently obliged to recur, is also dependent upon capillary 
action. The pores of the filter become wetted by the liquid, and 
tiansmit it to the under surface by a force of adhesion which is 
independent of the pressure. When once it has penetrated it 
collects into drops, by the force of cohesion^ which fall from the force* 
of gravity. Not only may solids be thus separated from liquids, but 
licpiids which imperfectly mix, from each other. For this purpose 
the filter must be previously wetted with the liquid which it is 


tube immersed in a liquid which is incapable of 
wetting it. The liquid is here seen depressed 
below the general level, and its surface in the 
vessel, a 5 c d, is curved from the depression 
which also takes place at the points of contact 
at its surface, and the exterior surface of the 
tube. The form of the surface within the tube 
is shown sX n o p q. 
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intended to transmit, when that alone will pass, and the other 
be rejected. In this manner spirits of turpentine and water may 
be parted from each other. 

§ 86. Few persons, perhaps, are aware of the prodigious 
amount of the force which may thus be called into action, and which 
may be measured by the opposition which it is capable of overcoming. 
If a dry plug of wood be tightly fitted into one end of a stout tube 
of glass, or porcelain, and a projecting portion be allowed just 
to dip into water, the wood will swell with such force, by the 
intrusion of the liquid into its pores, as to burst the tube, though 
capable of resisting a pressure of more than TOOlbs. on the s(]uaro 
inch. This power is turned to an economical account in ])arts 
of Germany and France, for separating blocks from the solid rock, 
for mill-stones. Holes are bored in its substance, into which 
wedges of dry wood are tightly driven, and when these are exposed 
to moisture they swell, from the capillary action, and eftectually 
split it in the direction in which they have been placed, 

§ 87. The same kind of attraction and superficial action 
takes place between solids and aeriform bodies, although not so 
open to common observation : but an easy experiment will illustrate 
the fact. Take some of the fine dust of magnesia, and sift it 
carefully upon the surface of some water, in a tall glass jar, and 
it will presently become wetted by the liejuid, and sink to the 
bottom in conse<|uence of its specific gravity being something more 
than twice as great. Take, again, some iron filings, and sift them 
'ill the same maimer upon the surface of water, and although their 
specific gravity is nearly four times greater than that of magnesia, 
they will float upon the top. A stratum of considerable thickness 
of the metal may thus be laid upon the liquid, which at length will 
sink in considerable masses, when it may be seen that they had 
been previously buoyed up by the adhesion of particles of air, which 
their accumulated weight will even carry to the bottom with them. 
The surface of each fragment of metal had been (wo cannot, perhaps, 
say wetted^ but) enfilmed with the gaseous matter, which prevented 
it from being wetted by the water ; in the case of the magnesia, its 
attraction for the air was less, and, consequently, it was more readily 
displaced by the water. 

The force of adhesion of air to glass is verjr considerable, and 
requires particular attention in the construction of barometers. 
In filling a glass tube with clean mercury, it is easily seen how 
pertinaciously small bubbles adhere to its sides : many of these may 
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be swept away, by causing a large bubble to pass several times from 
top to bottom, by the inclination of the tube ; but it will still 
remain coated throughout with a thin film, which can only be 
rejiiovcd by b 9 iling the mercury in it. After this process has been 
performed, the air will still creep down between the sides of the 
mercury and the glass, which do not adhere together, and ultimately 
steal up the whole length of the column into the vacuum. The 
gradual deterioi-ation of barometers in this way, may, however, 
be entirely prevented by welding a ring of platinum to the bottom 
of the tube, and wetting it with the mercury. Close contact of the 
]i([uid and the tube is thus secured, and the welding of the platinum 
to the hot glass is another instance of strong heterogeneous adhesion.^ 

§ 88. Some porous solids are capable of absorbing and 
retaining large quantities of gaseous matter; and newly-burned 
charcoal has the jiroj^erty of taking up the following volumes of the 
different gases, its own volume being taken as 1. 


Taule VI. Absorption of Gases by Charcoal, 


Ammonia . 

90 

Bi-carb. hydrogen . 

35 

Muriatic acid 

85 

Carbonic oxide 

9.4 

Sulphurous acid 

05 

Oxygen . 

9.2 

Sulphuretted hydrogen 

55 

Nitrogen 

7.5 

Nitrous oxide . 

40 

Carbt. hydrogen 

5 

Carbonic acid 

35 

Hydrogen 

1.7 


It will appear from these results, compared with others hereafter 
to bo stated, that those gases which are the most readily condensible, 
by ])rcssure, into lic^uids, yield most readily to the force of hetero- 
geneous adhesion. When charcoal already saturated with any one 
gas, is put into another, it gives out a portion of the gas already 
absorbed, and takes up a ]3ortion of the new gas. 

A(iueous vapour is also very greedily imbibed by newly-burned 
charcoal, some kinds of which will take up as much as 18 per cent, 
of their weight by a week’s exposure to the air. 

Though charcoal possesses this property in a very eminent degree, 
it is by no means the only substance whose pores exert the force of 
heterogeneous adhesion. Certain animal and vegetable textures 
absorb aqueous vapour so readily and regularly, that their changes 
of dimensions which ensue have been taken as measures of the 
amount of vapour existing in the atmosphere to which they have 


Danibll’s Meteorological Essays^ Socond Ed. p. 677* 
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been exposed. Thus, the untwisting of a piece of catgut, or the 
beard of the wild oat, the elongation of a thin slice of whalebone, 
all afford good hygroscopes^ or indications of the state of the air, with 
regard to moisture ; and the elongation or contractipn of a human 
hair, properly prepared, is still observed at the Paris Observatory, 
as a hygrometer^ although the observations cannot bo relied upon, 
and better and accurate methods have been devised for determining 
a point of great importance to science (23). 

All these substances give up the moisture which they have 
imbibed when exposed to a dry atmosphere, and return more or less 
accurately to their original dimensions. 

§ 89. The adhesion of gaseous matter to liquids is demon- 
strated every time we pour water from one vessel into another; 
large quantities of air, strongly attached to its surface, are carried by 
the momentum of the falling mass below the surface, and becoming 
more clastic from the compression, detach themselves, and rise 


(23) This figure represents 
the celebrated hygrometer of I)e 
Saussurc. The hair, a is freed 
from all unctuosity by being 
steeped in ley, and is kej)t in a 
state of equable distension by 
means of a small weight, g, 
which is suspended from the op- 
posite side of the axis of the in- 
dex. The hair is fastened by two 
nippers at a and h ; the point of 
extreme dryness is determined 
by j)lacing the instrument under 
a receiver, in the presence of 
some absorbent substance, as dry 
caustic alkali ; >vhen the hair ac- 
quires its minimum of length, 
it isf then introduced into a re- 
ceiver containing water, by w'hieh 
the air is kept saturated with 
vapour; its greatest elongation 
is marked upon the circle, and 
the intermcdijite space between 
the two points divided into de- 
grees. 
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again in a stream of bubbles. We see this process upon an immense 
scale in natural falls of water, where the foam and dashing of the 
spray is evidence of the power of the escaping air. In certain 
situations advantage has been taken of this perpetual supply, and 
the air being received into cylinders in this state of compression, 
is applied to the supply of blast furnaces, for the working of metals. 

§ 90. It is not only by this superficial action that air be- 
comes attached to water, but by the force of adhesion it is drawn, 
as it were, into its pores, and is made to distribute itself equally 
through its mass, however deep. This aeration of water is ono 
of the most important processes in nature. It takes place quietly 
and invisibly; but by this still, unobserved operation, the countless 
hosts of the suba(j neons creation, both animal and vegetable, are 
supplied with the vital air, upon which their existence depends. 
If we take a quantity of fresh boiled water, place it in a glass vessel, 
under the receiver of an air-pump, and exhaust the air, it will 
remain perfectly transparent, and unagitated, till the pressure is so 
far reduced as to enable it to boil at the atrnosjdieric tenqierature ; 
but if wo allow a jiortion of the same boiled water to remain in con- 
tact with the air for some hours, and afterwards place it under 
the receiver, almost from the first stroke of the ])ump we shall find 
bubbles of air forming in its mass, the greatest part of which will 
be attracted to the surface of the glass, and will there adhere, 
till inci'easing in size they finally make their escape. This air may 
properly he said to have been dissolved by the water ; and thus we 
are led to consider the processes of solution and mievture^ as instances 
of the force of adhesion ; although they are commonly referred to 
the action of the higher force of chemical affinity. 

§ 91. In seeking out the laws which limit these actions, 
let us first return to the mutual action of liquids and solids. — 
We have seen that when a piece of clean platinum is dipped 
into mercury, the force of adhesion between the two metals is 
sufficient to overcome the cohesion of the liquid which thus adheres 
to the solid, and wets it. If for a plate of platinum we substitute 
one of tin, or lead, the same effect will be produced, and either metal 
will bo immediately wetted by the quicksilver ; but if we now leave 
them immersed in the liquid, a further effect will be produced, 
and the force of adhesion will be so strong as not only to overcome 
the feeble cohesion of the liquid, but the strong homogeneous 
attraction of the solid itself : the process of solution will take place ; 
the solid will be dissolved in the liquid. 
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Lot US now select a more familiar instance : — a lump of loaf- 
sugar, just immersed in water by one small point of contact, will 
quickly draw the liquid up into its pores, by capillary action ; but 
the force of adhesion proceeding beyond this will speedily break 
down the solid texture, which will disappear in the water. We 
may vary the illustration with any soluble salt. We may judge 
of the energy of the force which is thus called into action, genfclo as 
is the process, by estimating that whicli it overcomes, namely, the 
cohesion of the solid, by the effort whicli we must make to break its 
mass. Whatever -tends to diminish the antagonist force jiromotes and 
hastens the process of solution ; and every one knows from common 
experience tliat the mechanical pounding or Irrcaking of a lumj) 
of sugar or salt will considerably facilitate its solution. Wo have 
seen the facility with which glass becomes wetted with water ; if we 
diminish its cohesion by mechanical force, a portion of it will 
oven bo dissolved by the liquid ; and upon placing some very finely 
jmlverized flint glass upon turmeric jiajier, and wetting it, the 
yellow colour of the paper will be turned to brown by the action 
of the solution. 

§ 92. The action of a solvent upon a solid is, moreover, 
limited ))y its cohesion : when the homor/cnootis and haterogvucom 
forces are exactly balanced in the solution, the solvent is said to 
be saturated. With regard to water, the point of saturation for 
different bodies, oven of the same class, varies very much ; thus 
at ordinary atmospheric temperatures, an ounce of distilled water 
will dissolve half its weight of sulphate of ammonia; one-third 
of its weight of suljdiate of soda; one-sixteenth of sulphate of 
j)otassa; and not more than one five-hundredth of sulphate of lime. 
Water, however, which is saturated with one salt, \^'ill still be 
capable of dissolving another. 

§ 93. The mechanical disruption of a solid, even by the finest 
Icvigation, is, as we have seen (§ 62), but a very imperfect mode 
of diminishing the force of cohesion ; the finest conceivable particles 
which can thus be detached, consist, probably, of a countless 
multitude of its ultimate atoms, which are still closely bound 
together by homogeneous attraction ; but by the application of heat 
we have it in our j)ower to counteract the latter force, by a repulsion 
of the like intimate nature ; and by so doing we increase the 
effective antagonist force of heterogeneous attraction. The action 
of a solvent upon a solid is, therefore, much increased by raising its 
temperature. Water may thus be saturated with a salt, at the 
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common temperature of tlie atmosphere ; and if heat be afterwards 
applied, will dissolve an additional quantity ; if the solution bo then 
allowed to cool, the attraction of cohesion will resume its ascendency, 
and the additional portion of the salt wdll be deposited in a regular 
solid form. 

There are, however, two or three remarkable exceptions to this 
general law. Water, at the temperature of #32*^, will dissolve oth 
of its weight of lime ; at a temperature of 6‘0‘\ it will take up 
no more than y J-n-th ; and \vhen boiling only 5 when 

lime-water is lioiled, a portion of the lime is precipitated, or aggre- 
gated into small crystalline grains. 1'he solubility of sulphate 
of soda in water also follows a singular law : after having increased 
ra])idly to the tem))erature of 92°, where it is at its maximum, 
it diminishes to 215°, at which temperature the salt is nearly of the 
same solubility as at 87^^. The seleniate of soda is another salt 
which presents an anomaly of the same nature. Exceptions to 
general laws of tliis kind, although not understood, arc facts of 
extreme interest, and generally present the commencement of a clue, 
by following which wc may be led further in the labyrinths of 
natural knowledge. 

§ 91. Ah the force of heterogeneous adhesion is thus capable 
of overcoming the force of homogeneous attraction, so is it ca])ablc 
of restraining and keeping down the force of homogeneous repulsion; 
and gases arc susceptible of solution in liiiiiids ; .and as the ])oint of 
solution of solids is determined by the antagonist force of cohesion, 
so is a li(|iiid said to be saturated with a gas when the forces of 
heterogeneous adhesion and self-repulsion are exactly balanced. 
AV c have just seen that atmospheric air may be thus united with 
water, but other kinds of aeriform matter are capable of this union 
to a much greater extent. AVatcr \vill dissolve its own bulk 
of carbonic acid, whatever its elasticity may be, provided an ef|ui- 
valent amount of pressure be maintained upon its surface. Soda- 
water is thus kept ready for immediate eflervcsconce by the mecha- 
nical compression of this acid uj)on it, from which it begins to make 
its escape the moment the pressure is relieved, l^y heating this 
solution the whole of the air may be expelled ; for heat, of course, 
increases the repulsive force, and enables it to overcome that of 
adhesion. 

§ 95. Hut there are other gases which being once taken up 
by water are not capable of being again separated by any increase 
of temperature ; the force of adhesion between them is so strong, 
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that they remain united when both are in the self-repulsive state. 
Thus muriatic acid, or ammoniacal gases, are absorbed by water 
with a rapidity which is quite immeasurable, and when the solu- 
tions are of a certain strength may be distilled without change;, 
they rise together in tlie elastic form, and are again condensed 
by cold. 

§ 96 . This will aptly introduce to our notice the exertion 
of this force by bodies in the same physical state, as the action 
of li<iuids upon liquids and gases upon airs or vapours. Such com- 
binations are termed mixtures, and, unlike solutions, are unlimited 
by any antagonist force eitlier of attraction or repulsion. 

Some liquids, however, are incapable of this incorporation or 
mixture : thus oil and water may be mechanically mingled together 
by agitation ; but, as every one knows, spontaneously separate again 
in the completcst manner. Here we may suppose that the forces of 
cohesion and gravity which both oppose adhesion, are superior to 
the latter. Some few liquids mix together in a very minute propor- 
tion of one of them, as ether and water. If these two liquids be 
agitated together, by far the largest portion of the former will 
se])arate from the latter, and float upon its surface. This is, in fict, 
a case of solution, the point of saturation of which is determined 
by cohesion and gravity : most licjuids, however, mix together, and 
])articularly with water, in tlie most perfect manner, in all con- 
ceivable proportions, and against the greatest differences of s])ecific 
gravit}^ : thus, a drop of oil of vitriol, or of alcohol, will become 
perfectly di ft used through a gallon of water, or a drop of water 
through a gallon of vitriol or spirit. The specific gravity of sul- 
phuric acid is almost double that of water, and yet the difference, 
combined with its remaining cohesion and that of the water, is not 
sufficient to separate the two. The progress of the mixture may bo 
shown in a very interesting manner by colouring some water with 
some vegetable blue, and carefully pouring it, by means of a small 
tube, upon the surface of the acid, in a tall glass jar : at the point of 
contact of the two liquids, and to a small height above, the blue 
water will be immediately reddened by the acid ; but if the experi- 
ment be carefully made, the colour of the great bulk will be 
unaffected, and the jar will exhibit three perfectly distinct strata, of 
colourless acid below, of mixed acid and water of a red colour in the 
middle, and on the top the blue unmixed water. In this state 
of things the process will proceed ; the heavy acid will be slowly 
attracted upwards, and its course will be marked by the change of 
colour. That the mixture is not produced or assisted by any currents 



ENDOSMOSB. 


63 


in the liquids, will be manifest from the lines of junction of the 
different colours, which will remain perfectly sharp, well defined, 
and horizontal, during the progress of the experiment, which will 
not be complete for three or four days. A similar experiment may 
be made with coloured alcohol and water, and in both cases the 
mutual penetration will ultimately be perfect. 

§ 97. We have already noticed the statical adjustment of 
the forces of homogeneous and heterogeneous attraction between 
a solid and liquid, in the case of capillary action ; a curious and 
highly important dynamical effect results from the operation of the 
same forces in what has been denominated the process of endosmose 
and ex osmose ; in which the mutual attraction of two liquids is 
called into action, one of which is more capable than the other 
of freely wetting a porous solid which forms part of the com- 
bination. 

If wo dip a piece of bladder, or other animal membrane, into 
water, it will be wetted, and completely soaked with the licjuid ; 
but if we dip it into spirits of wine, it will superficially adhere to it, 
but will not be imbibed into its pores, and may bo wiped off without 
difficulty. Take a funnel, and tie over its broad end, of three or 
four inches diameter, a piece of bladder, invert it, and fill it with 
spirits of wine, and fit to its small end a small glass-tube three 
or four feet in length, and then place it upon a perforated tin plate 
in a vessel of water, in a short time the liquid will be observed 
to rise in tlie tube ; and, notwithstanding the accumulating pres- 
sure, which will be the same on the bladder as tliat of a column of the 
liquid of equal base (§ 61), it will ultimately reach the top and flow 
over. The first moving power is here the force of adhesion between 
the water and the bladder; the former penetrates the -pores of the 
latter, and comes in contact, upon its upper surface, with the spirit, 
by the heterogeneous attraction of which again it is removed, and 
mixes with its mass. The height of. the column is in some degree 
the measure of the force thus called into action, which, in the case 
under consideration, is also opposed by the difference of the specific 
gravities of the water and spirit. Other liquids may be substituted 
for the spirit, provided only there be a strong disposition in them to 
mix with the water ; and even strong solutions of solids, as sugar, 
gum, &c., will determine the action of endosmose by their still pre- 
dominant attraction for more water. The organic texture of the 
membrane is not necessary to the process, which will equally take 
place through thin plates of clay-slate and other porous substances. 
The endosmose (or flowing in) of the exterior liquid is generally 
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accompanied by the emsmose (or flowing out) of the interior liquid, 
but to a much less extent; the difference depending upon their 
greater or less attraction for the interposed solid, or their capability 
of wetting it. Modifications of this process are of the highest 
importance in many of the operations of the organic portion of the 
creation, and the study of them promises to throw light upon many 
obscure points of animal and vegetable physiology. 

§ 98. Alu'iform bodies are capable of mixing together in the 
same way as liquids ; and as there are no remains in their case of 
efficient cohesive force to oppose the force of adhesion, they are all 
capable of rapid diffusion through each other’s masses, and there 
is no limit to their incorporation : there is no ])oint of satura- 
tion. If a portion of hydrogen, which is an inflammable gas, and 
the lightest known ponderable substance, be confined in a strong 
phial, and a ] 30 rtion of oxygen, a supporter of combustion, and 
sixteen times heavier, in a similar vessel, and the two be con- 
nected together by a narrow tube, three or four feet long, the 
hydrogen being placed above, in the course of a short time the 
heavier air will be drawn up by the lighter, and tlie lighter 
drawn down by the heavier, so that a perfect and equal mixture 
of the two will take place, and an explosive compound will be found 
in both the phials; and the same property belongs to all gases. 
In tile same way, if water be introduced into a receiver of jiorfectly 
dry air, evaporation will immediately commence, and vn])our, of 
exactly the same tension as that which at the same temperature 
would rise in mcuo^ mixes with the atmosjdierc. Dr. Dalton, to 
whoso clear views upon this subject science is greatly indebted, 
expressed this general fact by stating, that “ One gas acts as 
a metium with respect to another.” By this he did not mean 
to assort that the process of diffusion takes place with the same 
velocity as if it wore a real vacuum ; because the particles of one 
gas he conceived afford a mechanical impediment to the progress of 
the other ; but that the ultimate result is the same. 

§ 99. The process of endosmose^ vdiich we have already 
examined in the case of li(juids, is also capable of being maintained 
by aeriform bodies, and has been the means of throwing much light 
upon the diffusion of gases. We have alluded to the phenoinena 
produced by the difTerence of the force of adhesion in Avater and 
alcohol to animal membranes ; the same difference exists in their 
aeriform state : and if we place a mixture of the two liquids in 
a wide-mouthed vessel, closely covered with bladder, the vapour 
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of the water will fteely pass through, but not the vapour of the 
alcohol. As the former penetrates to the upper side it is removed 
by mixture with the atmospheric air, the process of evaporation 
proceeds, and the alcohol is ultimately left in the vessel almost in a 
state of purity. 

If a portion of common air be confined in a wide-mouthed jar, by 
tying tightly over it a piece of sheet-caoutchouc, and the jar be placed 
under a large bell-glass filled with hydrogen gas, the hydrogen will 
gradually penetrate the partition, and. on coming in contact with 
the air will mingle with it, till successive portions thus packing 
themselves into the confined space, will act with such elastic force 
upon the caoutchouc as to distend it in a globular form, and 
ultimately burst it. The experiment may be varied by suspending 
a membranous bag, such as the stomach of a rabbit, or other small 
animal, filled with common air, in an atmosphere of carbonic acid ; 
the latter will penetrate to the former, and ultimately burst the bag. 
The endosmose is accompanied by an exosmose^ as in the case of the 
two liquids, but the amount of the gas which passes in, so much 
exceeds that of the gas which passes out, that it produces the effect 
which has just been indicated. By the slow action of the same 
forces, hydrogen gas, confined in a bell-jar which has a crack in 
its side, will gradually make its escape ; and any gas placed under 
a glass receiver, surrounded by quicksilver, will slowly diffuse itself 
into the atmosphere, by creeping through the interval between the 
metal and the glass, which do not perfectly adhere together. 

§ 100. The law of the diffusion of gases has been most beau- 
tifully determined by Professor Graham, by means of what he has 
named a diffusion-tube^ which is simply a graduated tube closed at one 
end by plaster of Paris, or some other porous substance. When such a 
tube is carefully filled over water, with hydrogen gas for instance, the 
closed end being kept dry, the hydrogen will immediately begin 
to flow through the pores, and diffuse, itself in the air, and that with 
such velocity as to draw up after it a column of water of considerable 
height. The rise of the water commences immediately, and forms 
a very striking experiment. In a tube fourteen inches long it will 
ascend six or eight inches in as many minutes. The atmospheric air 
tends also to pass in the opposite direction, and as the elasticity of 
the air in the tube decreases it is gradually forced through the pores 
by the mechanical predominance of the exterior pressure, and puts 
an end to the escape. In accurate experiments this may, however, 
be guarded against by gradually sinking the tube in the water-bath, 
so as to maintain the water in the interior at the same level as the 
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exterior. When the diffusion-tube is stopped with finely divided 
OP spongy platinum, tightly hammered into a brass collar, the 
process goes on with the greatest advantage. By experiments with 
the difiusion-tube Professor Graham determined that each gas has 
a diffusiveness peculiar to itself, which is greater as its density is 
less ; being inversely proportional to the square root of the density 
of the gas. Thus the density of the air being 1, its diffusiveness is 1 
also. The square roots of the densities of the following gases is here 
set down, and the power of diffusion as calculated in this manner. 

Hydrogen . . . V0.069 = 0.2627 

Oxygen .... >v'l.tb2=rl.05 

Nitrogen . . . ^0.972 = 0.986 

and 0.2627 : 1 : : 1 : 3.807= Diffusiveness of Hydrogen. 

0.05 : 1 : : 1 : 0.952= „ of Oxygon. 

0.986 : 1 : : 1 : 1.014= „ of Nitrogen. 

The results of experiments coincide so exactly with the law, that 
the density of a gas may conversely be determined by experiment 
upon its diffusiveness. 

The law of gaseous diffusion, it has been shown, is included 
under Dalton’s hypothesis, that one gas acts as a vacuum with respect 
to another ; for from the physical properties of gaseous bodies it may 
be deduced that the velocities of gase^ flowing into a vacuum under 
like circumstances, are inversely as the square roots of their den* 
sities. The velocity of air, of standard density, rushing into 
a vacuum, has been found to be 1,300 feet in a second of time. 

§ 101. It is scarcely possible duly to appreciate in the vast 
economy of terrestrial adaptations, the importance of this me^ 
chanism by which gases and vapours rapidly permeate each other’s 
bulks, and become equally diffused. The atmosphere which sur- 
rounds the globe consists, as we shall hereafter show, of a mixture 
of several aeriform fluids in certain fixed proportions, upon the proper 
maintenance of which, ^^by measure and by weight,” the welfare of 
the whole organic creation depends. The processes of respiration 
and combustion are perpetually tending to the destruction of these 
nicely-adjusted proportions, by the abstraction of the vital air, and 
the substitution of another, which is a deadly poison to animal life ; 
and yet, by the simple means which we have described, the poi- 
sonous air is not allowed to accumulate, but diffuses itself instantly 
through surrounding space, while the vital gas rushes, by a counter 
tendency, to supply the deficiency which the local consumption has 
created. Hence the invariable uniformity of this mixture, which 
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is one of the most surprising phenomena where all is admirable. 
The most accurate examination has been made of air which has been 
taken from localities the most opposed to each other in all the circum* 
stances which can be conceived to affect its purity; by means of a bal- 
loon, from a height of 22,000 feet above the level of the sea ; — ^from the 
surface of the ocean ; — ^from the heart of the most crowded districts 
of the most populous cities ; — ^from the summit of Mont Blanc ; — 
from within the Polar Circle ; — and from the Equator ; and no 
difference has been detected in the proportions of its principal consti- 
tuents. We shall return to this subject when wo touch upon the 
properties of the different kinds of matter which constitute this 
wonderful mixture. 

§ 102. To complete our view of heterogeneous adhesion, 
there is one more class of phenomena to which it is necessary 
to advert, and which is dependent upon the different degrees of 
intensity in which that force exists between different bodies. Let 
us take, as a simple illustration, the three substances, rosin, water, 
and spirits of wine ; between the two liquids the attraction is very 
powerful, and they may bo mixed together in any proportions ; 
between the spirit and the rosin, the attraction is also strong, 
and the solid is readily dissolved in the liquid; between the rosin, 
however, and the water, there is scarcely any attraction ; the former 
is just capable of having its surface wetted by the latter, but it 
is wholly insoluble in it. Now if we take a solution of rosin in 
spirit, and pour water into it, the rosin will resume its solid form, 
and will be precipitated^ as it is termed, or fall to the bottom of the 
vessel in which the experiment is made. The attraction between 
the spirit and the water is greater than that between the spirit and 
the rosin, consequently it abandons the latter to unite itself with 
the former ; and this goes by the name of elective attraction^ as the 
water is figuratively supposed to exert a choice between the two 
bodies, to both of which it is capable. of attaching itself. If, again, 
we pour some oil of vitriol into a saturated solution of sulphate 
of cojiper, or blue vitriol, we shall have another instance of elective 
attraction. The water which held the salt in solution will be 
abstracted by the superior force of the vitriol, and the salt will 
be precipitated in the solid form. 

The same play of attraction is also found in the case of gaseous 
bodies, and if well burned charcoal be shaken with a solution of 
sulphuretted hydrogen in water, it will entirely abstract the gas, so 
that the water will not only be completely inodorous, but the most 
delicate tests will fail to detect in it the slightest remains of gas. 
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§ 103. The most usual practical mode of separating bodies 
which are united by the force of heterogeneous ^adhesion, is by 
effecting changes in their physical states by means of changes of 
temperature. If it be required to recover a solid from its solution 
in a liquid, the solution is placed in a shallow pan or basin, and 
heat applied, when the liquid will bo emporated^ and the solid 
remain. If it be necessary to preserve the liquid also, as a valuable 
product, the process is carried on in close vessels, and the vaporized 
liquid, after quitting the solid, is condensed by refrigeration in 
a separate vessel. The process is called distillation^ and may also 
bo applied to mixtures of liquids of different degrees of volatility. 

The abstraction of heat, and the consequent decrease of the 
force of self-repulsion, or the increase of homogeneous cohesion, may 
also occasionally be employed for the same purpose. Thus, by the 
application of cold the aqueous part of sea-water may be frozen, and 
a strong brine will remain behind ; or brandy, or any other mixture 
of water and alcohol, may be frozen so as to leave the sj)irituous ])art 
nearly in a state of purity. Vapours, again, may be separated from 
gases, by a reduction of temperature ; but other forces must be had 
recourse to for the separation of mixed gases, on account of the 
inadequacy of all ordinary means to affect their physical state. 

CllYST ALLIZ ATION . 

§ 104. We must yet pause for a short time upon the equilibrium 
of the two forces of heterogeneous ahd homogeneous attraction ; or 
rather upon the exact moment when the latter is about slowly to 
assume the ascendency, and to withdraw a solid from its solution in a 
liquid under the influence of the former. We have already noticed 
the similar phenomena which present themselves when the force of 
homogeneous attraction begins gradually to prevail over homoge- 
neous repulsion : the particles do not solidify into confused masses, 
but arrange themselves with the utmost order of internal structure 
and external form. 

When the water of a solution of sugar has been partially 
abstracted, and the concentrated syrup left for some time at rest, 
this kind of regular solidification takes place ; the force of cohesion 
builds up the solid into the regular well-known forms of sugar^candy. 
If this process of consolidation be hastened, or disturbed, the crys- 
tallization takes place in a confused manner, and the texture of the 
mass is that of loaf-sugar. 

All those bodies which are denominated salts, and many of 
which are very commonly known, crystallize in this manner from 
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their solution, and present forms of the utmost symmetry and 
beauty : thus commcii salt, under ordinary circumstances, assumes 
the form of the cube ; alum, that of the octohedron ; saltpetre, that 
of a six-sided prism ; and epsom salt, that of a four-sided prism. 
The largeness and regularity of the forms are in general proportionate 
to the slowness of the operation, and the quantity of solution from 
which the crystals are deposited. Many crystals are met with in 
nature which cannot yet be formed by art ; such as rock crystal, in 
beautiful six-sided prisms ; the diamond, in the form of the octo- 
heiron, &c. &c. ; but we cannot doubt, from analogy, that they 
are produced by the same species of operation as those which we 
can repeat in our laboratories. The modifications of forces, which 
were opposed to their cohesion, and gave their particles freedom 
of action by suspending and counteracting its power, may be, in 
many cases, unknown to us, but the principle of their operation is 
plainly to be recognized. 

§ 105. The ascendency of cohesion is sometimes determined by 
apparently slight and almost inappreciable circumstances. Agitation, 
or a mere vibration, the contact of some foreign substance, or, more 
cei*tainly, the contact of a crystal of the same substance, will cause 
the crystallization to commence. It will almost always take place 
round any solid centre or nucleus which may be presented to it, 
provided such solid bo capable of being wetted by the liquid. In 
the manufacture of sugar-candy, verdegris, sulphate of copper, 
prussiate of potash, &c., strings, twigs of wood and wires are placed 
in the solutions, and may generally be found in the centres of very 
largo groupes of these crystals. 

If a large glass flask, with a long neck, be filled with a saturated 
solution of glauber salts (sulphate of soda), and boiled, so as that 
the steam shall expel all the common air, and the mouth of the 
flask be accurately closed with a good cork, whilst the vapour is 
rushing out, it may be cooled down to the common temperature of 
the air, in a quiet place, without depositing any crystals. Upon the 
withdrawing the cork the air will rush into the void space formed 
by the condensation of the steam, and crystallization will almost 
immediately commence. 

This action, as well as that of the solid nucleus, may probably 
bo explained by the assisting action of the heterogeneous attraction 
of the foreign body for the water of the solution. A portion of the 
latter attaches itself to the air, which it absorbs, or to the solid, 
which it wets, and is withdrawn from the solution, the crystaJUzation 
of which is thus determined. 
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. If a mixed solution of two salts, such as nitre and glauber salts, 
be made, and divided into two portions, the suspension in one 
of a cryMal of nitre will determine the solidification of that salt 
alone, whilst only sulphate of soda will be precipitated in the other 
by a crystal of the latter salt. 

The influence of foreign bodies, in modifying the act of crystal- 
lization, is also shown in another way : salts which are formed 
in turbid, muddy solutions, containing earthy or carbonaceous sub- 
stances, are generally of a larger size, and sometimes of different 
forms from those which are deposited from pure water. Thus, in the 
manufacture of tartaric and citric acids, the rough, brown, crystals 
of the first process are always much larger and bolder than those of 
the pure transparent products of the last operation, and when some 
of the animal substance urea is added to a solution of common salt, 
the crystals which are deposited from it are of the octohedral, instead 
of the cubic form. 

§ 106. Crystals may be increased in size, and modified in 
form, by artificial management, according to a process discovered by 
M. Le Blanc. This consists in selecting very regular crystals of a salt 
that have been newly formed, and placing them in a saturated 
solution of the same salt. A regular solidification of fresh matter 
will take place upon them, and as the side which is in contact with 
the containing vessel receives no increase, they must be turned daily 
to preserve their regularity. After some time the largest and most 
regular of these crystals is selected, and the same process repeated 
upon them; and thus crystals larger and more regular than are 
usually formed in a solution may be obtained. 

Dr. Wollaston made a remark upon the spontaneous growth of 
largo crystals at the expense of small ones, in the same solution 
exposed to changes of temperature, which illustrates in a beautiful 
manner the alternate ascendency of the two antagonist forces. 
When the temperature rose the solvent power of the liquid was 
increased, and some of the solid matter of the crystals was abstracted ; 
but when the temperature again fell this was deposited in a greater 
proportion upon the larger masses than upon the smaller, so that the 
latter were in the end entirely taken up, and deposited upon the 
former. 


§ 107. Crystallographers early observed, that certain crystal- 
line forms were peculiar to certain classes of substances : thus, each 
of the different salts which have been already named, has its appro- 
priate form: calcareous spar crystallizes in rhombohedrons ; fluor 
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spar, in cubes ; quartz, in six-sided prisms, terminated by six-sided 
pyramids. Crystalline form may therefore serve, to a certain extent, 
as a ground of distinction between different substanci^ and is 
accordingly employed by mineralogists to distinguish one mineral 
from another. It is also very serviceable to chemists, in assisting 
them to distinguish different species of the numerous class of salts. 

CiiYSTALLOGRAPHY, liowover, from its great extent, now consti- 
tutes a separate branch of science ; it does not fall within the com- 
pass of our present plan to do more than attempt a comprehensive 
view of the more simple geometrical forms which these solids 
assume, and the general laws by which they are limited and con- 
nected together. 

§ 108. The surfaces which bound the figures of crystals are 
called planes or faces^ and arc generally flat. The lines formed 
by the junction of the two planes are termed ed^es ; and the afiffle 
formed by two such edges, a plane angle ; a solid angle is the point 
formed by the meeting of, at least, three planes. Their forms are 
commonly divided into primitite and secondary ; amongst the 
principal primitive forms are reckoned the tetrahedron^ the cuhe,^ the 
octohedron^ the six and four -sided prisms^ the rhombohedron (24). 

§ 109. It is very seldom indeed that these forms are perfect and 
complete ; sometimes extra faces are formed by the replacement of an 
edge, or the truncation of an angle. It seems as if the architecture 
of nature had been interrupted in midway ; but it is always obvious 
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that if the process had been continued, the perfect form would have 
leciialted. Secondary forms may be conceived to be derived from 
a. primitive intention, so to speak, checked in the original direction, 
and forced into another. Thus all the eight angles of a cube may 
be conceived to be truncated, and replaced by eight triangular faces ; 
an extension of which faces would totally obliterate the original 
faces of the cube, and a secondary octohedron would be formed. 

§ 110. The science of crystallography requires the most exact 
measurement of the angles and inclination of the planes of crystals ; 
and the instruments by which this is effected are called gonio- 
meters. 

The simplest of these consists of a protractor, or semicircular 
scale of degrees, and a small pair of compasses or nippers, between 
which the sides of the crystal are adjusted, and the legs of which, 
crossing each other at the centre, show upon the scale the number 
of degrees included between them (25). 

But the reflecting goniometer of Dr. Wollaston is at once the 
most accurate, useful, and elegant of these instruments. A ray 
of light reflected from the surface of the crystal is employed as the 


(25) A A is a graduated brass semicircle, and n ii b n, a pair of 
proportional compasses, moving upon the centre and capable of being 
lengthened or shortened by sliding upon the same centre. The faces of the 



crystal are embraced by the exterior legs of the compasses, and the value 
of the angle comprised between them may be read off upon the semicircle 
by the knife edge of the leg b c b. 
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radius of the circle, instead of the prolongation of the surface itself. 
One plane of the crystal is brought into a fixed position with regard 
to the measuring circle, by means of the ray, and the inclination of 
an adjoining plane is determined by the arc which it is necessary to 
turn the crystal to bring the second plane into the portion of the 
first. This method is so accurate that it will give the inclination 
of planes to each other, whose area is less than iinr,Wir^h of an 
inch, to a minute of a degree (26). 

§ 111. But the slow, undisturbed progressive action of the 
cohesive force not only determines the symmetry of the external 
figures of crystals, but confers upon them an internal structure which 
is equally regular, and from which we infer that they are composed 


(26) a h is the principal circle, graduated on the edge to half de- 
grees ; c is a brass plate, graduated as a vernier, and fixed upon the pillar 
d; ./y’is the axle of the circle, and passes through the upper part of the two 
pillars d e; g h is an axle inclosed within /*/; and turned by means of the 
small circle i, which communicates a motion to all the apparatus on the 
left of /?, without moving the principal circle. The latter is turned 
by moving k; and as the axle of the principal circle includes the former, 
we necessarily move the whole instrument by moving the circle k. The 
crystal to be measured is fixed by wax to the end of a plate of brass, w, 



placed in the upper part of the brass stem o, by the movements of which, 
combined with the motion of the interior axis, it may be accurately 
adjusted by comparison with some fixed horizontal line, to which its prin- 
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of imperceptible molecules of certain geometrical dimensions, no less 
definite than the sensible solids whose properties they determine. 
This is not immediately apparent to the eye, but is indicated by the 
action of any force carefully applied, and just sufficient to destroy 
their texture. Mechanical force even is sufficient to indicate the 
regularity and difference of arrangement in different species. It was 
long known to diamond-cutters that that precious gem might be 
split in certain directions with greater facility than in others, but 
M. Haiiy was the first to employ cleavage in the regular dissection 
of crystals. 

§ 112. Ho took a six-sided prism of calcareous spar, and in 
attempting to split it by the edge of a knife, gently struck on the 
back with a small hammer, he found that of the six edges of the 
superior base the three alternate only yielded to the blow, and that 
the division there took place at a certain determinate angle. The 
three intermediate edges resisted this division ; but in applying the 
same force to the inferior base of the crystal the intermediate edges 
alone yielded. By following up this cleavage, in the natural direc- 
tions thus pointed out, the new formed faces met together, and ho 
at length obtained an obtuse rUomholiedron of definite angles, which 
was further divisible, in the direction of it's planes, into an infinite 
number of similar smaller rhovibohedrons. He also found that any 
crystal of calcareous spar, of whatever exterior form (and its varie- 
ties amount to several hundred), could, by careful cleavage, be 
resolved into similar solids, and into no other regular geometrical 


cipal edges are to be made parallel. The reflected image of the bar of a 
window, from the faces of the crystal, compared with another bar. Mill 
answer the purpose very well. The circle must be adjusted to 0° when 
the crystal is in this position, and then by turning it round till the 
reflection of the same bar is seen from an adjoining face, the number of 
degrees, &c., read off by the vernier udll measure the complement of the 
angle which they make together. 



tfie supplement of a c b, the 


In a section of the crystal, let a c b 
be the angle formed by two of its planes, 
let a h he the ray of light, which after 
reflection will enter the eye at c. If the 
crystal be now turned round, till the side 
c B come into the position of c a, it is ob- 
vious that the crystal must liavc gone 
through an angle equal to bob, which is 
angle formed by the planes of the crystal. 
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shape ; the form persisting to the utmost limit to which regular 
mechanical division can be carried (27). 

§ 113. Other substances are capable of similar dissection; 
but the ultimate form is, in many cases, peculiar to the substance so 
examined. A crystal of galena^ (sulphuret of lead) whether of 
a cubic or octohedral shape, can readily be separated by mechanical 
force into a number of small cubic particles. 

If we take a cube of fluor-spar^ and apply the edge of a knife 
with a little dexterity, we shall find that its eight solid corners may 
be removed, and that the now formed planes will coincide with 
those of a regular octohedron. We may go on separating slices 
from any of these faces, all of which may be split into acute rJwm- 
hohedrons. These rhombohedrons, unlike the obtuse rhomhohedrons 
of calcareous spar, will be found to be not only divisible in directions 
parallel to their six faces, but may be divided into two tetrahedrons 
and one octohedron. The four solid angles, again, of the two 
tetrahedrons may be split off, and two octohedrons will remain ; and 
the octohedrons again may be divided into six smaller octohedrons 
and eight tetrahedrons. Thus the whole mass may be resolved into 
tetrahedra and octohedra, no one of which can wo conceive so small 
as not to be again divisible in a similar manner (28). 

§ 114. Such a regular cleavage, or yielding of the force of 
cohesion in particular planes, must obviously depend upon regularity 
of internal structure, which may also be made to appear by a gentle 
application of other than mechanical forces. 


r 27 ) a h c — a h c represents a six-sided 
prism of calcareous spar ; at h and c above, and c 
below, arc shown three of the new faces produced 
by the cleavage, which are inclined at an angle of 
45°. The obtuse rhombohedron is seen in its 
relative situation to the including prism. 



(28) The following figures represent the regular solids which are 
derivable from the cleavage of fluornspar. The cube, e fl efl is convertible 
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If we take a mass of alum of sufficient size, all traces of whose 
exterior crystalline form have been removed by cutting and grinding, 
and expose it to the solvent power of water, the fluid will act upon it 
at first in all directions alike ; but as the water approaches its point 
of saturation the force of heterogeneous adhesion diminishes, and is 
nearly balanced by the force of homogeneous cohesion, which latter 
only yields ultimately in those directions of least resistance, which 
are determined by the regular structure of crystalline arrangement. 
Under these circumstances its surface will become embossed with 
the forms of octohedrons and sections of octohedrons, and an 
immense variety of geometrical figures stamped, as it were, or 
carved upon its substance (29). Other salts will present analogous 
phenomena, and metals themselves, which have been slowly cooled 
from a state of fusion, exhibit a similar regular arrangement of their 
particles when subjected to dissection by the force of chemical 
affinity in the action of acids. A mass of nickel thus soon becomes 
covered with tetrahedral figures of great relief and beauty, by the 
action of nitric acid; and gold itself, carefully cast and cooled, by the 
action of agua regia. The beautiful forms of the Moiree metallique^ 
which at one time excited so much attention and admiration in their 
application to ornamental purposes, were produced by the action of 
weak acids to common tin plate, and the very cheapness arising from 
the simplicity of the operation soon brought the manufacture into 
disrepute. 


into the octohedron, ah c division in the direction of its solid angles. 
The acute rhomhohedron may also be extracted from a similar cube, by 



making two successive and parallel sections in the same directions, and 
by the removal of the tetrahedron from each extremity the octohedron 
may be easily obtained. 

(29) The following figures represent the dissected forms of a mass 
of alum in water. The first appear upon the faces which are indfined to 
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§ 115. Heat may also be employed as the antagonist force 
to develope the beautiful architecture of homogeneous attraction. 
If a large crystal of antimony be introduced into a portion of fused 
sulphuret, and the heat be moderately continued, it will^ begin 
to melt down; but so far from this taking place uniformly at 
the surface, crystals will sometimes be left projecting half an inch 
from it ; and in other places the cavities left by fused crystals will 
be so large, and have such perfect surfaces, that their angles may 
readily be ascertained. In order to observe these phenomena it 
is only necessary to remove the half-fused piece of sulphuret from 
its hot-bath, and allow it to cool. 

§ 116. Definite structure in certain solids, which cannot 
exactly be called crystalline, because they do not present exact geo- 
metrical figures, may be rendered apparent by a similar opposition of 
forces. Pure malleable bar-iron, by the action of dilute muriatic acid, 
may thus be lihown to be constituted of bundles of fibres running in 
a parallel and unbroken course throughout its length ; while different 
varieties of cast iron will present congeries of plates, and a structure 
more nearly approaching the crystalline. The peculiar toughness 
of the one, and the fragility of the other, derive their explanation 
from this difference of texture. 

§ 117. The regular direction and antagonism of such forces 
is again displayed in a very interesting manner, by the action of 
quicksilver upon small bars of tin. The force of adhesion between 


each other at the same angles as those of the faces of the octohedron : 
the second, upon planes which would be tangents to the edges of the 




same figure, or upon the sides of a four-sided prism, of which the two 
pyramids of the octohedron would be the summits. 
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these metals is very strong, and is capable of entirely overcoming the 
force of cohesion. If a small square bar of tin be laid horizontally, be 
just covered with mercury, and, to preserve uniformity of action, be 
frequently turned upon its different faces, at the expiration of twenty- 
four hours minute fissures will begin to appear along its lateral and 
terminal edges. As the process continues the cracks will widen, 
and about the third day they will open to such a degree as to show 
that the bar is resolved into four equal, trihedral, rectangular prisms, 
with two equal angles. These may readily be separated from each 
other by the point of a knife, as well as two similar pyramids from 
the two extremities, with angles at their basis of 45‘>. It is indif- 
ferent to this result whether the square form be given to the bar, by 
casting, hammering, or the filing down of any other shape. 

Here it would appear, that as the mercury penetrates the four 
faces of the bar, the original force of cohesion is weakened, a 
new force of cohesion between the particles of the amalgam draws 
them towards the centre of the four rectangular prisms into which 
we may conceive the bar to be divided, and causes the mass to 
separate along the lines of least resistance, which coincide with the 
edges (30). 

§ 118. A similar effect may be produced by careful ham- 
mering u])on bars of malleable metals. If square bars bo hammered 
upon the edges, and the blows repeated round them, so as to give 
them a cylindrical shape, they soon become what is technically 
called rotten, and break into fibres; but when the blows are 
directed parallel to their faces, they are capable of great extension ; 
but many of them, by alternate hammering upon each face, ulti- 
mately split along the edges in a manner very similar to that 
which is produced by the heterogeneous adhesion of the mercury 


(30) Dissected bars. 



This figure shows 
the four trihedral bars 
which result from the 
disintegration of a square 
bar of tin by the action 
of mercury. 



In this figure is 
represented the regular 
crack which occurs in 
the edge of the bar pre- 
viously to its final sepa- 
ration, together with the 
small pyramid detached 
from the summit. 
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to the bar of tin. When it is desired to give a round form to any 
part of a square bar, it is effected by confining it in a kind of form or 
mould, and the mechanical force thus applied produces an equality 
of pressure. It is by a similar precaution to equalize the pressure, 
that metals are capable of being drawn into line wires, through 
circular holes in steel plates. 

§ 119. The phenomena of crystalline structure which have 
now been described, have given rise to two rival hypotheses, with 
regard to their cause, and to account for the forms of the molecules 
which are thus capable of being built up into the beautiful geome- 
trical solids which have in all times excited the admiration of the 
curious. 

Guided by the mechanical dissection of different crj^stals, of 
which we have already given an account, M. Haiiy imagined that the 
form which was ultimately obtained by following up the cleavage 
till the new formed planes met together in a symmetrical manner, 
and which in the case of calcareous spar is a rhombohedron of 
definite angles (27), constituted the primitive form of the substance, 
and was the form, in fact, of its ultimate molecules. From aggre- 
gations of these, externally modified according to geometrical laws, 
he conceived all secondary forms of the same substance might 
be produced. There is no difficulty, in fact, in admitting that 
inconceivably small paralleloplpedons of all varieties of angles, may 
be built up into masses which would have the same relations of 
sides and angles. He further supposed that the external modifi- 
cations of this structure, which produce the numberless varieties 
of secondary forms, but which are still limited by certain definite 
geometrical relations to the primitive form, originate from dscre- 
ments^ or deficiencies of particles, taking place in the act of crys- 
tallization, on different edges and angles of the primitive form. 
Thus, if upon a compound cube made up of a largo number of small 
cubes, we place layers of cubic particles, decreasing each by a row 
of particles parallel to the edges, till a pyramid is constructed upon 
each, terminating in a single particle, the figure will become con- 
verted into a dodecahedron, with twelve equal rhombic faces (31). 
If the decrement were to take place upon the angles, instead of the 
edges of the original cube, the figure would be converted into an 
octohedron. By decrements of more than one row of particles, and 
by intermediate and mixed decrements taking place, according to the 
laws of symmetry, it may be shown that an almost infinite variety 

(31). The structure of the rhombic dodecahedron from cubic 
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of secondary forms may be constructed, all of which would be related 
by geometrical laws to the primitive form, and all of which might 
be assumed by the substance to which it belongs. No objection 
arises to this hypothesis, from the non-appearance of the original 
form in these secondary structures, for by multiplying the number 
of particles, and diminishing their size continually, we soon arrive 
at a limit where the primitive solid becomes insignificant, and, 
in fact, is actually lost in the comparison. 

§ 120. But we have already seen that the mechanical dissec- 
tion of some substances affords more than one ultimate form, as in 
the case of fluor-spar. Both the octohedron and the tetrahedron 
result from the cleavage of this remarkable substance ; which, then, 
is to be taken as its primitive form, — the form of its integrant 
particles? Neither of them, by their aggregation, can fill space like 
parallelopipedons. They may be both symmetrically arranged, so 
as to afford to the eye the external forms of the secondary crys- 
tals, which may be geometrically calculated from their various 
decrements; but the tetrahedral arrangements would be regularly 
interspersed with octohedral vacuities; and the octohedral with 
tetrahedral cavities. Such structures, moreover, would be unstable, 
and contrary to all the established laws of attraction in matter (32). 


particles is shown in this figure.— 



(32) The following figures present the construction of the tetrahedron 
and octohedron, each with tetrahedral and octohedral particles. .It will be 
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The phenomena of dissection would be quite opposed to the hypo« 
thesis that solids thus attract one another by their edges, and not 
by their sides : for a cube so put together of octohedral particles 
would necessarily split in directions parallel to the faces of the cube, 
and not to those of the octohedron. The fact is, that M. Haiiy 
himself was not unaware of the diflSculties of his system, regarded as 
a physical explanation of the phenoniena of crystallization ; but, 
without insisting upon this view of the subject, as some of his 
disciples have injudiciously done, he made use of it in a legitimate 
way, to present together in a general point of view a great number 
of particular facts ; and it enabled him to reason from the known 


seen that the tetrahedral structure is interspersed with octc^edral 
vacuities, and the octohedral with tetrahedral spaces ; so that one might 
be conceived to be taken out of the other. 



Octohedral Octohedron. Tetrahedral Octohedron. 


All bodies may be considered as attracting each other, as if the whole 
of their matter were condensed into their centres of gravity, which there- 
fore would in all cases be drawn as closely as possible together : under 
this law solid tetrahedra and octohedra would apply themselves to each 
other by their sides, and not by their edges. 
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to the unknown in a truly philosophic manner. Like ‘‘a geome- 
trical diagram, it had its important uses in the advancement of 
science, but it had no physical meaning*. 

Dr. Wollaston proposed by another ingenious hypothesis, which 
had been already developed to a considerable extent by Dr. Hook, 
to obviate the necessity of admitting the interstitial vacuities in 
those arrangements which the tetrahedral and octohedral particles 
aftbrd. He suggested that the elementary particles of this class of 
substances might be considered to be perfect spheres, and to assume 
that arrangement which would bring them as near to each other 
as possible. 

The relative position of any number of equal balls in the same 
plane, when gently pressed together, every three forming an equi- 
lateral triangle, is familiar to every one; and it will be evident, 
from inspection of a number of small shot placed together on a 
plate, that if they w^ere cemented together, and the stratum thus 
formed were afterwards broken, the lines in which they would be 
disposed to break would form angles of 60'^ with each other (38). 

If a single ball were placed at rest upon such a stratum, it 
would be in contact with three of the lower balls; and the lines 
joining the centres of four balls, so in contact, or the planes touching 
their surfaces, would include a regular tetrahedron, having all its 
sides equilateral triangles. The construction of the acute rhoinbo- 
hedron, octohedron, and cube, on the same principle, is as simple 
as that of the octohedron ; and any or all of these solids might 
be extracted from a sufficient number of such spheres, regularly 
piled up in the order which is adopted for shot in arsenals, without 
disturbing their original arrangement (34). 



(33) The arrangement of balls pressed 
together in the same plane. 


(34) . These figures represent the structure of the tetrahedron, 
octohedron, acute, rhombohedron, and cube, with spherical particles. 
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§ 121. Dr. Wollaston also showed that, by substituting for 
these molecules forms nearly allied to the sphere, such as oblate and 
oblong spheroids, many forms might be constructed which would 
not result from perfect spheres, but which are well known to crys- 
tallo^aphers. Thus by grouping together oblate spheroids, the 
proportion of whose axes are as 1 to 2.87, in the same manner 
as the spheres in the formation of the acute rhombohedron, an 
oblate rhombohedron would result, whose angles would be those of 
calcareous spar. All solids thus composed would obviously be split 
by mechanical force, in directions parallel to their faces. 

If the elementary spheroids, on the contrary, were oblong, 
instead of oblate, their centres would approach nearest to each other, 
liy mutual attraction, when their axes were parallel, and their 
shortest diameters in the same plane. The manifest consequence of 
such a structure would be, that a solid so formed would be liable to 
split into plates at- right angles to its axis, and the plates would 
divide into prisms of three, or six sides, with equal angles ; a struc- 
ture and a cleavage, which are common to many well-known 
minerals, as the heril^ phosjjhate oflime^ &c. (35). 

§ 122. Amongst the physical phenomena which are calcu- 
lated to lead to a knowledge of the intimate structure of crystallized 
bodies, we must not forget to mention the discovery of Mitscherlich, 
of the unequal expansion and contraction of certain classes of crystals 
by changes of temperature. Crystals belonging to the regular 
system, which we have imagined to be composed of perfectly sphe- 
rical particles, expand equally in every direction by heating. Other 
crystals expand more in one direction than another, and show 
a tendency to approach to the nearest form of the regular system. 
Thus the angles in calcareous spar vary 8|-' between the tempera- 
tures of melting ice and boiling water, the obtuse angles diminishing, 
and the form approximating to the cube. The experiments by 


(35) A rhombohedron, formed 
of oblate spheroidical particles. 



A six-sided prism, formed of 
oblong spheroidical particles. 

m 
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which Professor Mitscherlich established this important point 
is one of considerable delicacy; but common observation will be 
sufficient to prove it in several obvious instances. Melted litharge^ 
allowed slowly to solidify and cool, when it reaches a particular point 
flies into minute fragments, from the irregularity of its contraction ; 
and the double sulphate of potash and copper exhibits the same 
phenomenon in a very marked manner. If a little of this salt 
be melted in a spoon over a spirit-lamp, and the heat withdrawn, it 
congeals into a solid, of a brilliant green colour, and remains solid 
and coherent till the temperature sinks to nearly that of boiling- 
water, when all at once its cohesion is destroyed, and the whole is 
resolved into a heap of incoherent powder. 

§ 123. As far as it has been examined, the hypothesis of 
the spherical and spheroidal molecules of crystals has not been 
found inconsistent with any of the established laws of the action of 
FORCE ; either as regards the attraction which is conceived to group 
the particles together, or the antagonist forces by which they may 
be modified, cloven, or dissected; but, for the present, crystallo- 
graphers and mineralogists seem to have agreedito drop all specula- 
tions with regard to the internal structure and ultimate forms of the 
molecules of crystals, and confine themselves to the experimental 
determination, and the geometrical relations of their exterior forms. 

§ 124. These geometrical properties are referable chiefly to 
what are termed the axes of symmetry of a crystal ; that is, those 
lines in reference to which every face is accompanied by other faces, 
having the same positions and properties. Thus, a rhombohedron 
of calcareous spar may be placed with one of its obtuse corners 
uppermost, so that all the three faces which meet there are equally 
inclined to the vertical line. In this position every derimtiee face 
which is obtained by any modification of the faces or edges of the 
rhombohedron, implies either three or six such derivative faces ; for 
no one of the three upper faces of the rhombohedron has any 
character or property different from the other two ; and therefore 
there is no reason for the existence of a derivative from one of the 
primitive faces, which does not equally hold for the others. Hence 
the derivative forms will, in all cases, contain none but faces 
connected by this kind of correspondence; the axis thus made 
vertical will be an axis of symmetry, and the crystal will consist 
of three divisions ranged round this axis, and exactly resembling 
each other. 
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§ 125. But this is only one of the kinds of symmetry which 
crystalline forms may assume. Instead of being uniaxal^ they may 
have three axes of complete and equal symmetry at right angles 
to each other, as the cube, and the regular octohedron ; — or two 
axes of equal symmetry, perpendicular to each other; and to 
a third axis, which is not affected with the same symmetry with 
which they are ; such a figure is a square pyramid ; — or they may 
have three rectangular axes, all of unequal s)nnmetry, the modifica- 
tions referring to each axis separately from the other two. In the 
nomenclature of Mohs, which is now most commonly adopted, these 
systems are respectively distinguished as the rhombohedral^ the 
tessular^ the pyramidal^ and prismatic. 

The introduction of this systematic arrangement of crystalline 
forms according to their degree of symmetry, is due to the con- 
current labours of Weiss and Mohs. It is founded rather upon 
mathematical relations than experimental facts ; but it has been 
remarkably confirmed by some striking physical properties of 
minerals, particularly with regard to their action upon light, some 
of which we shall hereafter have occasion to examine. 

§ 126. There is, however, one curious phenomenon in the 
crystallization of certain substances, which has not been explained 
by any of the hypotheses which have yet been framed, and which 
awaits some higher stage of inductive generalization thali that at 
which we are at present arrived; ^d that is, they are capable 
of assuming two forms, which belong to different systems of crystal- 
lization, and cannot be derived the one from the other : these have 
been called dimorphous bodies, and they occur both amongst simple 
and compound substances. Sulphur deposited from solution in 
hi-sulphuret of carbon crystallizes in octohedrons^ with rhombic bases^ 
and also occurs in this form in native specimens ; but when it is 
melted, and allowed to cool slowly, till part of the mass is consoli- 
dated, and when the remaining liquid is poured off, crystals are 
obtained in the form of an oblique rhombic prism. These two forms 
have incompatible geometrical relations to each other. Pure carbon 
occurs also in nature in two states ; as diamond.^ which crystallizes 
in regular octohedrons ; and as graphite.^ which crystallizes in six- 
sided plates, which are also incompatible forms. Amongst com- 
pound bodies calcareous spar, as we have seen, crystallizes with the 
rhombohedral structure, and also as arragonite^ in forms which have 
reference to a rectangular octohedron ; and iron pyrites is also met 
with in the common form of the cube, and with an incompatible 
prismatic structure. 
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§ 127. There are some solids, again, which are capable of 
slowly changing their internal structure, or of oven rapidly passing 
from one state to another, when the unstable equilibrium of their 
particles is disturbed by slight mechanical force. 

Sugar which has been rapidly boiled down to a solid consistence, 
in the well-known form of barley-sugary is perfectly transparent, 
is difficultly broken, and presents a glassy fracture. After a little 
time it becomes opaque, and almost friable. In the same way 
brass-wire will in the lapse of time become brittle, and unfit for 
mechanical purposes. If crystals of sulphate of nickely or seleniate 
of zinCy in the form of prisms, be laid on paper, and exposed to the 
rays of the sun, in a few moments they will become opaque, and 
will be found when broken to be made up of minute octohedrons, 
with square bases. Similar crystals of sulphate of zinc undergo 
a like change, but more slowly. Fresh sublimed iodide of mercury 
also affords a beautiful example of this readjustment of the cohesive 
force. A slight scratch with a hard substance, as the point of a pin, 
is sufficient to set the particles of the crystals in motion, and changes 
their colour from a sulphur-yellow to a bright red. 

Heat. 

§ 128. We have already traced the origin of homogeneous 
repulsion, the antagonist force to homogeneous attraction, or cohe- 
sion, to that cause, whatever it may be, which produces in us the 
sensation of heat : it is nece%a.ry that wo should now inquire with 
more precision into the nature of this subtle agent, and the laws 
which regulate its action. 

And first, with regard to the active sources of its abundant 
supply: the principal of these is the sun. The most inattentive 
observer cannot have failed to remark that the direct rays of the 
sun, — some communication that is from that splendid but distant 
globe, which we designate by rays, — impress him with the sensation 
of heat ; and without this benign influence upon the animate and 
inanimate creation, all nature would bo bound in the adamantine 
chains of cohesion : and could we imagine man to exist for a moment 
upon the face of the globe under its privation, vain would be all 
his puny efforts to remedy the defect from artificial sources of this 
life-preserving agent. The conflagration of every combustible upon 
the face of the earth would be insufficient to compensate for twenty- 
four hours the absence of the glorious orb of day. 

§ 129. The second source to which we may advert, we may 
distinguish as mechanical, and consists in the friction, or rubbing 
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together of solid substances. In this operation strong mechanical 
force is opposed to the forces of cohesion, or adhesion and heat 
is generated by the reaction of the two. 

From some late experiment of M. Becquerel, it appears that 
when a rough body is rubbed against another with a smooth surface, 
the former becomes hotter than the latter. When polished glass is 
rubbed against cork the first becomes the hotter in the proportion of 
34 to 5 : ground glass becomes hotter than cork in the proportion 
of 40 to 7. Silver and cork — ^the first becomes hotter than the 
second, in the proportion of 50 to 12. No change in the state 
or qualities of bodies, thus acting upon each other, necessarily 
accompanies the evolution of heat ; neither is it necessary that they 
should be of different natures, or possessed of any opposition of 
qualities. Many familiar instances of high degrees of heat, derived 
from this source, will readily occur to a reflecting mind. 

Two pieces of wood, rubbed together, speedily become hot ; and 
when the force and the velocity are great so much heat may be 
evolved as to occasion combustion. The axles of the wheels of 
machinery, or of carriages, not unfrequently take fire from this 
cause; and it is well known that certain tribes of Indians, with 
a dexterity and address which we do not possess, have so far 
applied observation to practical purposes, that ^hey are in tlie habit 
of kindling their fires by this means. 

The sparks of the common flint and steel consist of small par- 
ticles of the metal struck off by the stone, and burning under the 
influence of the heat elicited by the blow ; and every one has had 
an opportunity of observing the more copious display of fire from the 
same source at the knife-grinder'’s wheel. 

In North America, where the mechanical force of falling water 
is abundant, the surplus power of certain mills has been most 
ingeniously turned to good account, by causing large plates of iron 
to rub against each other, and applying the heat thus evolved to the 
warming of the building. The most remarkable circumstance 
attending this source of heat is, that it is absolutely unlimited : so 
long as solid bodies can be made thus to act mechanically upon each 
other, heat is given out. 

Count Rumford endeavoured to ascertain how much heat was 
actually generated by friction. When a blunt steel borer, three 
inches and a half in diameter, was driven against the bottom of 
a brass cannon, seven inches and a half in diameter, with a pressure 
which was equal to the weight of 10,0()01bs., and made to revolve 
thirty-two times in a minute, in forty-one minutes 837 grains of 
dust were produced ; and thp heat generated was sufficient to raise 
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llSlbs. of the metal 70° of Fah.,— a quantity of heat which is 
capable of melting six pounds and a half of ice, or of raising five 
pounds of water froni the freezing to the boiling point. When the 
experiment was repeated under water, two gallons and a halt of 
water, at 60°, were made to boil in two hours and a half. 

§ 130. The third source is chemical, or the action of particles 
of dissimilar or heterogeneous substances upon each other, accom- 
panied by complete change of properties. All cases of common 
combustion, all our artificial processes for obtaining light and 
heat, are familiar examples of this action. The changes which take 
place in the active bodies during this evolution of heat, it will be a 
principal part of our business to inquire into hereafter: we have 
only at present to remark, that the heat evolved in each case, 
however copious and intense, is limited and proportionate to the 
quantities of the reacting substances. 

§ 1 31 . The fourth source of heat, but probably nearly allied 
to the last, is electrical. That force which we have recognised 
as arising from the friction of glass or resins, by operating, upon 
larger surfaces, may be accumulated in the form of a spark, which 
will ignite combustible substances. This action we must also refer 
to future investigation. 

§ 132. A fifth source is physiological, and exists in ourselves. 
Heat is a product of animal life : Ave are conscious of this in our- 
selves — wo can feel it, and we can judge of it by our sensations, 
when communicated from other persons and other animals : wo can 
increase it in ourselves by muscular exertion ; our hands and our 
faces burn, and in this state wo can communicate the sensation 
of heat to others. 

Heat and cold, in fact, when referred to our sensations, are but 
comparative terms, and depend upon the temperature of our bodies 
at the time of experience. If we raise the temperature of one hand 
by plunging it in hot water, and at the same time cool the other 
in cold water, upon removing both into a basin of tepid water, the 
same "water will feel warm to one hand and cold to the other. Any 
estimation, therefore, of temperature by sensation must necessarily 
be extremely vague. 

§ 133. Now, in none of these various actions of material 
bodies, which we have thus recognised as sources of heat, is there any 
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loss of material substance. Notwithstanding the copious evolution 
of this wonderful agent, the quantity of the active matter — its 
weight — remains the same, whether combination ensue or not. 

This something, then, which is generated in ourselves, or which 
may be communicated to us from any of the sources which have just 
been named, — which we recognize by our sensations, and deno- 
minate heat, may be communicated also to every form of matter 
without increase of weight; and these can again impart it to us 
without loss of ponderable matter. 

Thus a piece of iron placed in the direct rays of the sun, will 
soon feel warm to our hands ; or when made red hot in the fire, will 
communicate heat to us even at a distance ; but its quantity of 
ponderable matter will be neither increased nor diminished. 

The accession of heat, and consequent increase of repulsive force 
amongst the homogeneous particles of matter, not only 3otermine8 
the changes of state from solid to liquid, and from liquid to aeriform, 
which we have already noticed (§ 63), but produces expansion of 
bulk in bodies in all these states ; and we must now inquire into the 
laws of this expansion, and the steps of the progress of a body 
from one physical state to another. 

§ 134. The increase of bulk, for the same increase of heat, 
diflbrs very much iii the different classes of substances. In solids it 
is small ; in liquids greater ; and in aeriform bodies the greatest of 
all. It also differs in bodies of the same class. By accurate 
measurement it has been ascertained that in raising the temper- 
ature of the following solids from the freezing to the boiling-point 
of water, 


Lead expands in volume . . u Jirth 

Iron „ „ . . . e-DTcrth 

Glass „ „ • . • I ' c^ g io fth 

that is to say, 350 cubic inches of Lead become • 351 

800 ., Iron „ . 801 

1000 „ Glass iy . 1001 

by this accession of heat. 

The subjoined table includes the most interesting results of the 
best experiments upon the subject. 
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Table VII. Linear Dilatation from the Freezing to the Boiling^ 

point of Water. 


1000000 of Glass tube . 

• 

. become 

1000861 

99 

Crown glass 

• 

• 99 

1000875 

9 ) 

Platinum 


• 99 

1000856 

99 

Cast iron 


• 99 

1001111 

99 

Steel 


• 99 

1001189 

19 

Gold . 


• 99 

1001460 

99 

Copper 


• 99 

1001712 

99 

Brass 


• 99 

1001783 

99 

Silver 


• 99 

1001800 

99 

Tin . 


* 99 

1001937 

99 

Lead . 


• 99 

1002867 


The expansion in volume may be obtained, without sensible 
error, by trebling the number which expresses its increase in 
length, where, as in the above instances, the fraction of its length 
is small. 

By the same change of temperature the following liquids 
augment their volumes in the annexed proportions: — 

1000 parts of water . . . become 1040 

1000 „ of oil 1080 

1000 „ of quicksilver . , . 1018 

1000 „ of spirits of wine . . . 1110 

But every aeriform substance, provided it be not in contact with 
a liquid, expands in the same proportion ; one thousand parts of 
air becoming 1373, by being heated from the freezing to the boiling- 
point of water. 

These expansions take place gradually, and when the heat is 
withdrawn the bodies return to their original bulks, by corresponding 
regular contractions. 

§ 135. Now the perfection of science depends upon accu- 
rate measurement and instrumental precision : there can be no 
advance of a single step without these essential means. The unas- 
sisted senses are by no means sufficient to determine quantities with 
anything approaching to the necessary degree of exactness. The 
hand, or the application of muscular force, may indeed inform 
us that one body differs very greatly from another in gravity ; but 
without the balance to determine weights which would be wholly 
inappreciable in this way, the science of chemistry could not have 



THEEMOlilBTER. 


91 


existed. So, our sensations may inform us that one body is hotter 
or colder than another; but without some means of measuring 
differences of temperature, which would wholly fail to affect our 
senses, our knowledge of heat would have been small indeed. 

It is by observing that expansion or enlargement of volume 
is always produced by the same causes which affect us with the 
sensation of heat, that wo come to regard expansion as the indication 
of heat ; and as this is an effect which can be ascertained with the 
utmost precision, wo adopt its measure as that of the cause which 
produces it. 

If a certain quantity of air, or of a liquid, or solid, undergo 
an augmentation of volume which wo can determine when exposed 
to a certain source of heat, and when we expose it to another 
source of heat that expansion is doubled, there is reason to infer that 
the intensity of the second source is double that of the first. And 
this is the principle of that useful instrument the thermometer. 

§ 136. The honour of the first invention is generally ascribed 
to Sanctorio, an Italian physician, about the year 1590 ; but the 
same contrivance probably suggested itself in an independent manner 
to Cornelius Drebel, about the year 1610. One thing, however, 
is certain, viz., that it dates from about the beginning of the seven- 
teenth century. 

The thermometer of Sanctorio consisted of a hollow glass globe, 
attached to a long stem, open at the opposite extremity ; a portion 
of air was expelled from it by the expansive force of heat, and the 
end of the tube was then immersed in a coloured liquid (36). As the 



X»^6) Air thermometer of Sanc- 
torio. B is the stem of the instrument, 
the upper end of which terminates in 
a capacious ball, while the lower dips 
below the surface of the liquid in the 
vessel c. When a portion of air has 
been expelled from the ball by heat, 
and it is afterwards cooled, the su- 
perior elasticity of the outward air 
raises a column of liquid in the stem. 



92 


DIFFERENTIAL THERMOMETER. 


included air cooled, and returned to its former volume, the liquid 
rose in the tube, from the superior elasticity of the external air 
pressing upon the external surface of the liquid. A scale of equal 
parts was applied to the stem, by which the expansion of the in- 
cluded air, fromTieat, or its contraction from cold, could be measured, 
by the movement of the column of liquid. It was liable, however, 
to the objection of being acted upon, not only by the expansion of 
the included air, but by the barometric changes of the exterior 
atmosphere. 

§ 137. Air has not only the advantage of being extremely 
regular in its expansion, but also of indicating very minute changes 
of temperature, by the great alterations of volume which it under- 
goes from being heated and cooled; and a modification of the 
air-thermometer is now very often used in delicate researches. 
It was invented in the year 1676, but was chiefly brought into 
notice by the admirable experiments of the late Sir John Leslie. 
It consists of two thin equal glass balls, united together by a tube 
bent twice at right angles, the balls being situated at the top of 
the perpendicular arms, and cut off from any communication 
with the atmosphere. Both balls contain air, but the greater part 
of the tube is filled with a coloured liquid (37). This instrument 
cannot be affected by any change of temperature, acting alike upon 
both the balls, for the pressure on the opposite surfaces of tho 
included liquid will in such cases be always equal; but it will 
instantly indicate the slightest difference of temperature between tho 
two balls ; for the elasticity of the air on one side being greater than 
on the other, the liquid will be forced towards the side where the 



(37) Differential Thermo- 
meter of Leslie. The liquid in the 
two stems is shown at the same 
level as when both balls are ex> 
posed to the same temperature ; 
any difference can be accurately 
measured upon the attached scale. 
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temperature is the lowest, and the difference may be measured upon 
a scale. The instrument has hence been named the differential 
thermometer. 


§ 138. The first great improvement in the thermometer for 
ordinary purposes was made by the members of the Italian Academy 
del Cimento, in 1660, who substituted the expansions of a liquid as 
the measure of heat ; inclosing it in a glass ball and tube, which was 
afterwards cut off from all communication with the variable atmo- 
sphere, by softening the extremity of the glass at the flame of a lamp, 
and hermetically sealing it : the instrument thus at once became 
more accurate, and more manageable. Spirits of wine was the 
liquid first employed, and quicksilver was afterwards used by Halley 
and Sir Isaac Newton : both liquids are now at times employed for 
different purposes. 

§ 139. Still the thermometer wanted much of perfection ; 
for different instruments thus constructed could not afford com- 
parable results, although experiments made with the same instru- 
ment were comparable with one another. For the last great 
improvement we are indebted to Newton. It had been observed by 
another eminent philosopher, Hook, that the temperature of melting 
ice was always fixed and permanent ; and that the temperature of 
boiling water was equally invariable, provided the pressure of the 
atmosphere did not change. The sagacity of Newton pointed out 
the application of these observations to the completion of the 
instrument. If we immerse the mercurial thermometer in melting 
snow or ice, the liquid will gradually contract, and sink in the stem 
to a certain point, and then stop ; and however long we may allow 
it to remain in the ice it will sink no lower. The experiment 
repeated at any time, or in any place, will afford the same results ; 
the liquid will always sink to the same part, and no further. By 
marking this we obtain one fixed point, which must be the same in 
every thermometer which is subjected to the trial. If we now 
remove the instrument into a vessel where it may be surrounded 
with boiling water while the barometer indicates an unvarying 
pressure of thirty inches, the liquid in the glass will expand till the 
mercurial column reaches a certain height, where it will again 
become perfectly stationary, and afford another invariable point 
of comparison. The distance between these two points measures 
the amount of expansion of the whole quantity of the included 
liquid : or rather is the measure of the difference of the expansion of 
the liquid and the glass ; for both expand. Upon the supposition 
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dmt the expansion of the two is equable, and that the bore of the 
glaes tube, in^ which the liquid moves, is equal throughout, the 
distance between the two points may be divided into any number of 
equal parts, and the equal amounts of expansion or contraction mea- 
sured by them Aay be taken to indicate equal increments or decre- 
ments of temperature, which will correspond in all instruments 
Similarly graduated. Upon the supposition, moreover, that the law 
of expansion continues the same both abote the boiling and below the 
freezing-point of ^ater, an extension of the same scale of equal parts 
will afford the means of measuring greater and less degrees of 
temperature, with reference to the same fixed standard. 

§ 140. It is much to bo lamented that the philosophers of 
difierent nations have not agreed upon the arbitrary division of this 
invariable quantity; and, consequently, wo ha\'e various thermo- 
metric scales which perpetually require to be reduced from one 
to the other in thf different necessary comparisons. In this country 
M is divided into 180 parts or degrees ; but the freezing-point is not 
designated by Zero, or 0®, but by the number 32°, making the 
boiling-point of w^ater 212°, instead of 180°. This scale was intro- 
duced by Fahrenheit, a German artist, who conceived that he had 
obtained the lowest possible degree of cold, by the mutual action of 
common salt and snow. If a thermometer be introduced into such 
a mixture it will contract to about 32^ J-g^th ])arts of the expansion 
between freezing and boiling water, and thus the commencement of 
this scale, or 0, was placed at this point. 

In France the thermometer named Reaumur\s was for a long 
time generally employed : the interval between freezing and boiling 
water in this instrument is divided into eighty degrees. The gradua- 
tion commences at the freezing-point, and the boiling-point is the 
eightieth degree. It is still in general use in Russia. 

The scale now generally adopted in France, was originally pro- 
posed by Celsius, and used in Sweden. It commences also at the 
freezing-point of water, between which and the boiling-point the 
space is divided fcto 100 parts: hence it is now commonly distin- 
guished by the name of the centigrade thermometer (38). 

Other divisions of the thermometric scale have at times been 

introduced, but have fallen into disuse, 

I 


(38) These three divisions of the thermometer are laid down and 
compared in the annexed scale, together with another, by De Lisle, 
now in disuse, in which the space between the freezing and boiling-points 
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Fahrenheit’s division is founded on error, and is very arbitra 
and inartificial : it has, however, two important ad¥antag6s : — li 
The degrees are small, and hence it is less requisite than with oth 
scales to use fractional parts, which, in observation, are apt to 
neglected, and in calculation are inconvenient. 2d, The commenc 
ment of the scale being placed at a low temper- 
ature, we have seldom to express negative de- 
grees; while, in the centigrade and Reaumur’s, 
it is always necessary either to prefix the signs of 
minus or plus, (- or +,) or by terms to 
denote whether the number stated is above or 
below Zero. 

It would not be difficult in the present ad- 
vanced state of science to invent a division of 
the thermometric scale which might at once 
be more philosophical and more convenient 
than any of those now in use ; but nothing but 
the general consent of the leading scientific 
men in the principal countries where science 
is cultivated, would justify the attempt ; which, 
without such an agreement, would only add to. 
the perplexity and distaste vrhich every one at ' 
times must feel from this multiplication of 
scales. 


§ 141. It would bo foreign to the object 
of this work to enter upon all the necessary 
refinement in the construction of a good ther- 


is divided into 150®, the Zero being placed at the 
latter. 

Knowing the ratio of these scales to ‘each other, 
nothing, of course, can be easier than to change the 
expression of their degrees from one to the other. 
I jet it be required to know what 70° cent, is upon 
Fahrenheit's scale : 

100 : 180 70 - 126 and 126+32® (or4he 

number of degrees from Fahrenheit's 0) = 158. 

Or what is 74° Rdaumur upon the centigrade 
scale * 

80 ; 100 :: 74 : 92^. 
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Dmeter ; but every one should know how to test the goodness of 
struments which everywhere abound. The principal point to be 
tended to is the equality of the bore of the tube; for if equal 
Qgths have not equal capacities, of course a scale of equal parts 
ill not divide the expansion equally. This may be ascertained by 
eaking off a portion of the thread of mercury in the tube, which 
done by a dexterous jerk, and moving it up and 
certaining whether it occupy equal spaces in every 
y seldom, indeed, the case ; but a correction may 
to the scale by marking off upon it spaces of equal 
xamination of the fixed points is not difficult ; but 
f the scale will not admit of this, an accurate corn- 
instituted with a standard instrument. 

len great degrees of cold are to be measured, spirits 
aid selected for the construction of the instrument, 
t been congealed by the greater^t degree of cold to 
possible to expose it ; whereas mercury has been 
e solid even in the natural temperatures of tlie 
pirit, however, passes into vapour at a temperature 
ling-point of water ; and it is usual, therefore, to 
ieters made with it, by comparison. Mercury is 
aost common purposes, as its congealing point is 
id the upper part of its scale may be extended to 
isequence of its high boiling-point. ' 
of the scale of a thermometer depends upon the 
i of the bufb and stem; the greater the former 
le latter, the more the expanded liquid will be 
t larger will be degrees, and the more easy the 
ctions of a degree. But the delicacy of the in- 
quickness with which it adjusts itself to changes 
ill depend upon the smallness of the quantity of 
le matter upon which the change is, to be effected. 

. Brook Taylor was the first to confirm by experi- 
lesls that equal thermometric degrees, or equal 
sion, might be taken to represent equal increments 
He took a pound of water, and heated it to the 
udicited by a delicate thermometer, of 200° : he 
>r pound, heated to 100°, and mixing the two toge- 
precautions, he found that the thermometer plunged 
indicated a temperature of 150°, or the exact mean ; 
been according to the hypothesis. 
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§ 144. The expansion of solids is equally applicable with 
that of aeriform and liquid bodies to the measurement of tempera- 
ture ; but as it is smaller than that of matter in its other two states, 
and can only conveniently be measured linearly, and not in volume, 
it is by nice mechanical adjustments alone that it can be rendered 
available to the purpose. If a compound bar be formed by accurately 
adjusting and screwing together equal plates of two metals, ^whose 
expansions differ considerably, — such as iron and brass, — and one of 
its ends be fixed to some support ; upon the application of heat it 
will bend, the least expansible metal becoming concave : if, on the 
contrary, the temperature be lowered below that at which the 
adjustment is made, the greater contraction of the brass will cause 
the iron to become convex. Upon this principle a very sensible 
thermometer has been constructed by M. Breguet. It consists of a 
very thin ribbon of platinum, plated with silver, and coiled into the 
form of a helix : one end of this compound plate is fixed to an upright 
support, and to the other a delicate index is attached, moving over 
a graduated circle. As the temperature to which this instrument iff 
exposed varies, the spiral twists or untwists, and carries the index 
round the circle, the degrees of which measure equal amounts of the 
contraction or expansion. The value of the degrees may be fixed by 
comparison with a standard thermometer of the usual construction. 

§ 145. The use of the mercurial thermometer is limited to 
temperatures below that at which quicksilver boils, or to about 
600° ; and a method of measuring the high temperatures of ignition 
at which many of the processes of the arts are carried on, having 
been long a desideratum of science, various methods have been pro- 
posed to supply the deficiency. The most celebrated pyrometer 
is that of Mr. Wedgwood. It consists of a metallic groove, or 
gauge, the sides of which gradually converge ; pieces of very pure 
clay are made into small cylinders, having one side flattened ; and, 
being heated *to redness, they are made just to fit the larger extre- 
mity of the groove. It is a property of clay, permanently to con- 
tract and become harder by exposure to a high temperature : not 
that this contraction is an exception to the general law of expansion 
by heat, but is owing to a change in the chemical constitution of 
the earth, which loses a ])ortion of the water with which it is 
combined, and it was supposed that the amount was exactly pro- 
portioned to the intensity of the heat to which it is exposed. 
The amount of contraction in the clay cylinders, after being exposed 
to the temperature which it was desired i;o measure, was easily 
determined by allowing them to slide from the top of the groove 

H 
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till' vfh^ at a point beyond which they would 

not pfu^: OMn WedgWQod divided the whole length of this gauge 
into 24^ pa^ or degrees, eadbi of which he calculated to be equal to 
180° of Fahre&heit''s scale ; and the Zero of his scale, indicating a 
red heat, corresponded, according to his experiments, to 1077°. 

The difficulty of obtaining clay of uniform eomposition is of itself 
an almost insuperable objection to this method of estimating high 
temperatures ; and it has been since ascertained that the observation 
upon which it is founded is not correct ; for clay will contract as 
much by the long continuance of a comparatively low heat as by a 
short continuance of a high one. Hence the degrees of heat which 
Wedgwood’s pyrometer has been applied to measure, have been 
enormously exaggerated. 

§ 146. The problem, however, may be easily solved by the 
accurate measurement of the linear expansion of bars of metal in a 
pyrometer which was invented by the author, and called by him 
the Register Pyrometer. 

It consists of two parts, which may be distinguished as the 
register and the scale. The register is a solid bar of black-lead 
earthenware, highly baked. In this a hole is drilled, into which a 
bar of any metal, six inches long, may be dropped, and which will 
then rest upon its solid end. A cylindrical piece of porcelain, called 
the index, is then placed upon the top of the bar, and confined in its 
place by a ring or strap of platinum passing round the top of the 
register, which is partly cut away at the top, and tightened a 
wedge of porcelain. When such an arrangement is exposed to a 
high temperature, it is obvious that the expansion of the metallic 
bar will force the index forward to the amount of the excess of its 
expansion over that of the black-lead, and that, when again cooled, 
it wall be left at the point of greatest elongation. What is now 
required, is the measurement of the distance which the index has 
been thrust forward from its first position ; and this, though in any 
case but small, may be effected with great precision by means of 
the scale. 

This is independent of the register, and consists of two rules of 
brass, accurately joined together at a right angle by their edges, and 
fitting square upon two sides of the black-lead bar. At one end of 
this double rule a small plate of brass projects at a right angle, 
which may be brought down upon the shoulder of the register, 
formed by the notch cut away for the reception of the index. A 
moveable arm is attached upon this frame, turning at its fixed 
extremity upon a centre, and at its other, carrying an arc of a circle, 
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whose radiui is esaietly five indbee^ aeourateijr divided in^ degrees 
and thirds of a degree* Upon this arm, at the centre dT the circle, 
another lighter arm is made to turn, one end of which carries a 
nonius with it, whicfh moves upon the face of the arc, and subdivides 
the former graduation into minutes of a degree; the other end 
crosses the centre, and terminates in an obtuse steel point, turned 
inwards at a right angle* 

When an observation is to be made, a bar of platinum, or mal- 
leable iron, is placed in the cavity of the register, the index is to be 
pressed down upon it, and firmly fixed in its place by the platinum 
strap and porcelain wedge. The scale is then to be applied by 
carefully adjusting the brass rule to the sides of the register, and 
fixing it by pressing the crgss piece upon the shoulder, and placing 
the moveable arm, so that the steel point of the radius may drop 
into a small cavity made for its reception, and coinciding with the 
axis of the metallic bar. Tho minute of the degree must then be 
noted, which the nonius indicates upon the arc. A. similar observa- 
tion must be made after the register has boon exposed to the increased 
temperature which it is designed to measure, and again cooled, and 
it will be found that the nonius has been moved forward a certain 
number of degrees or minutes (39). Tho scale of this pyrometer is 
readily connected with that of the thermometer by immersing the 
register in boiling mercury, whose temperature is as constant as that 
of boiling water, and has been accurately determined by the ther- 
mometer. The amount of expansion for a known number of degrees 
is thus determined, and the value of all other expansions may be 
considered as proportional. 

§ 147. The melting point of cast iron has been thus ascer- 
tained to be 2786°, and the highest temperature of a good wind 
furnace about 3300°; points which were estimated by Mr. Wedg- 
wood at 20577° and 32277° respectively. 

Mr. W edgwood, indeed, himself makes an observation which is 
calculated to throw suspicion upon the accuracy of his results, for he 
says, “We see at once how small a portion (of the range of heat) 
is concerned in animal and vegetable life, and in the ordinary opera- 


(39) 1. Represents the register ; a is the bar of black-lead ; a a' 
the cavity for the reception of the metal bar ; c c' is the index, or cylin- 
drical piece of porcelain ; d the platinum band, with its wedge, e. 

2. Is the scale by which the expansion is measured;//' is the 
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daniell’s pyrometer. 


tions of nature. From freezing to vital heat is barely -^J^rtli part 
of the scale : a quantity so inconsiderable relative to the whole, that 
in the higher stages of ignition ten times as much might be added or 
taken away, without the least difference being discoverable in any ot 
the appearances from which the intensity of fire has hitherto been 
judged of.” 

Now this is utterly unlike the gradual progression by which the 
operations of nature are generally carried on : and the fact is, that 
a regular transition may be traced from one remarkable point of 
temperature to another. 


greater rule upon which the smaller, g, is fixed square. The projecting 
arm, A, is also fitted square to the ledge, under the platinum band, d. 



D is the arm which carries the graduated arc of the circle fixed to the rule, 
and moveable upon the centre, i. c is the lighter bar, fixed to the 
first, and moving upon the centre, k, h is the nonius at one of its extre- 
mities, and m the steel point at the other. 
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Thus, from the freezing of water, 32®, to vital heat in man, 
is 60°. 


60 X 3 180° 

. . . . Boiling water. 

60 X 7 = 420 

• • • . Melting tin. 

60 X 10 = 600 

. . . . Boiling mercury. 

60 X 15 = 900 

. . . . Red heat. 

60 X 31 = 1860 

. . . . Melting silver. 

60 X 45 r= 2700 

. . . . Melting cast iron. 

60 X 55 =: 3300 

. . . . Highest heat of wind furnace. 


§ 148. Being now in possession of accurate measures for the 
intensity of heat, we are prepared to proceed with our investigation 
of its effects upon solids, liquids, and aeriform bodies, we may drop 
the vague language of sensation, — of hot, and cold, and warm, and 
such like expressions, — and substitute the precise determinations of 
thcrrnometric degrees. 

It has been lately proved by the careful experiments of MM. 
Dulong and Petit, that beyond 212°, or the boiling-point of water, 
the expansion of solids, for equal degrees of heat, compared with 
that of air, increases as the heat rises ; any differences in this respect 
between 32° and 212° being so small as to escape observation. The 
principal results of their investigation are shown in the following 
tables : — 

Table VIII. Licreaswg Dilatation of Glass by Heat, 


Temperature by an Air- 
Thermometer. 

Mean absolute 
Dilatation of Glass 
for ^ich Degree. 

Temperature by a 
Thermometer made 
of Glass. 

Fahrenheit. 



From 32° to 212° 

TnrjTTO' 

212 

32° to 392° 

irriTiT 

415.8 

32° to 572° 

, TTriinr 

667.2 


Table IX. Increasing Dilatation of Metals by Heat, 


Tempera- 
ture by 
Air-Ther- 
mometer. 

Mean Dilata- 
tion of Iron, 
for each De- 
gree. 

Tempera- 
ture by Iron- 
Rod Ther- 
mometer. 

Mean Dilata- 
tion of Cop- 
per, for each 
Degree. 

Tempera- 
ture by Cop- 
per Ther- 
mometer. 

Mean Dilata- 
tion of Plati- 
num for each 
Degree. 

Tempera- 
ture by Pla- 
tinum Ther- 
mometer. 

212* 

TTTtinr 

212“ 


212‘> 


212° 

572“ 

nrirF 

702°.5 

1 

xTsnr 

* 

1 623^8 

TTrircr 

692“.9 

ito 
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It appears that at temperatures beyond 212°, glass expands in a 
greater ratio than mercury ; and as tlie mercurial thermometer 
measures the difference of the expansion of the glass and metal, upon 
the supposition that they are both uniform, its degrees require a cor- 
rection in the upper part of the scale, when compared with the equal 
dilatations of air. Thus the temperature of 586° on the mercu- 
rial thermometer, corresponds with 572° on the air-thermometer : 
while from the third column of Table VIII. it appears that the 
expansion of glass alone, supposed to be equable, would indicate 667® 
for the same point. The second, fourth, and sixth columns of Table 
IX. show the mean expansion, for each degree, of iron, copper, and 
platinum, when heated from 32° to 212°, compared with that from 
32° to 572°; the third, fifth, and seventh columns indicate the 
degrees on thermomctric bars of these metals, corresponding to the 
temperature of 572° on an air-thermometer. 

§ 149. Before the invention of the register pyrometer, the 
expansion of solids had never been ascertained beyond the tempe- 
rature of 572° ; the following table exhibits the progressive amount 
of several metals to their points of fusion as determined by that 
instrument : — 

Table X. Progressive Dilatation of Solids, 

1000000 PARTS, AT 62°. 



At 202’. 

At 6C2‘>. 


At Fusing Point. 

Black Lead Ware . 

1000244 

1000703 



Wedgwood Ware . 

1000735 

1002995 



Platinum .... 

1000735 

1002995 

1 

1009926 maximum, 
but not fused. 

Iron (Wrought) 

1000984 

1004483 

1 

1018378 to the fus- 
ing points of cast iron. 

Iron (Cast) . . . 

1000093 

1003943 


1016389 

Gold 

1001025 

1004238 



Copper .... 

1001430 

1006347 

1024376 

Silver 

1001626 

1006886 

1020640 

Zinc 

1002480 

1008527 

1012621 

Lead 

1002323 


1009072 

Tin 

1001472 


1003798 


§ 1 50. The amount of the force which produces these expan- 
sions and contractions measured by any opposing force, that of 
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cohesion for instance, is enormous. Some idea may be formed of 
it, when it is understood that it is equal to the mechanical force 
which would be necessary to produce similar effects in stretching or 
compressing the solids in which they take place; thus a bar of 
iron heated so as to increase its length a quarter of an inch, by this 
slow and quiet process exerts a power against any obstacle by which 
it may be attempted to confine it, equal to that which would be 
required to reduce its length by compression to an equal amount. 
On withdrawing the heat, it would exert an equal power in return- 
ing to its former dimensions. 

Such a force as this is capable of being applied to a variety of 
useful purposes when properly directed, and of producing very 
injurious effects in constructions of art, when not properly pro- 
vided against. 

The wheelwright applies this power by making the iron band, 
or tire as it is called, of a carriage-wheel a little smaller than the 
wooden circle, or fellies, and then expanding it by heat, he fits it on 
to the latter. Ho afterwards suddenly cools it by throwing water 
upgn it, and the contraction binds the whole together with enor- 
mous force. Upon the same principle the cooper heats the iron 
hoops of his casks, and firmly drawl's the staves together by cooling 
them in their places. The plates of the boilers of steam-engines are 
rivetted together with hot rivets, which, when cool, draw them 
together and render their junction perfectly compact. 

M. Molard, by an application of the same force, ingeniously 
restored the equilibrium of a building in Paris, the walls of which 
had been pressed outwards by the incumbent weight. He intro- 
duced several strong iron bars through holes in the opposite walls, 
and screwed strong plates, or 'washers as they are called, on the 
projecting ends, so as to bear tightly upon the walls. The bars 
were then heated by lamps, and consequently lengthened ; in this 
state the washers were again screwed up, and when the bars were 
allowed to cool, they contracted and drew the walls together to a 
small amount : a repetition of the sam6 process gradually and safely 
effected the purpose. 

The same process has been since applied in the restoration ot 
the Cathedral at Armagh. 

§ 151. Experience has taught engineers that it is dangerous 
to attempt to confine such a force as this, and that it is necessary 
to make provision for these expansions and contractions, particularly 
in the metallic constructions which are now so common, In iron 
pipes for the conveyance of gas and water, when the lengths are 
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very considerable, some of the junctions are rendered moveable ; so 
that by the end of one pipe sliding into that of another, the acci- 
dental changes due to temperature are provided for. 

The arches of the Southwark iron bridge rise and fall about an 
inch in the usual range of atmospheric temperature, and if provision 
had not been made for this, destructive consequences must have 
ensued. 

The steeple of Bow Church has within these few years been 
nearly thrown down by the alternate expansion and contraction of 
some rods of iron wdiich were built into it to give it stability. The 
rods in hot weather lengthened, and lifted the incumbent mass of 
masonry ; they returned in cold weather to their former dimensions, 
leaving the stones upraised; dust and small particles of matter 
made their way into the cracks thus produced; the rods again 
lengthened, and lifted th^s mass a little higher ; till, by numberless 
repetitions of this slow but irresistible operation, the fabric was 
shaken to its foundation. 

Even in the shoeing of a horse, injurious consequences will 
follow from neglect or ignorance of this principle. If a horse shoe 
be applied in a heated state, the hoof will certainly be injured by 
its subsequent contraction. 

§ 152. A singular circumstance accompanying the contrac- 
tion of metal during great degrees of cold, was observed in some of 
the expeditions to the arctic regions, viz., that the astronomical 
instruments did not always, at once, take the adjustment due to 
the temperature to which they were exposed ; but upon concussion 
they contracted suddenly to the regular amount. 

§ 153. We have already noticed the greater expansion of 
liquids than of solids for equal increments of temperature, and the 
various amounts in different species. These expansions are 
generally regular, except when they are near their boiling or their 
freezing-points. Near the higher point, their expansibility increases 
rapidly for equal increments, while considerable anomalies have 
been observed near the lower. 

It has been stated (§ 19.) that the law of expansion by heat, 
and contraction by cold, is all but universal ; there is but one real 
exception to it known, and this occurs in water. It has been 
established by the most careful and decisive experiments, that 
water not only expands as we have noticed (§ 78.) when in the 
act of passing from the liquid to the solid state ; in the moment, 
tliat is, when its particles are taking up a new and regular arrange- 
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ment under the prevailing force of cohesion; but Increases its 
volume in the act of cooling, some time before it reaches its freez- 
ing-point. This expansion commences when the temperature is 
reduced to about 40° of Fahrenheit, or eight degrees above the 
point of congelation, and it increases in an increasing ratio until 
the liquid solidifies. 

The observation is easily made by means of two equal thermo- 
meters, the one filled with water and the other with spirit. When 
placed in melting ice, the latter will gradually fall to the freezing- 
point, while the former will descend to about 40°, and then begin 
to rise. 

• 

§ 154. From the alteration of volume which bodies univer- 
sally undergo from changes of temperature, the necessity of attend- 
ing to this circumstance in taking specific gravities will now be 
readily understood. These consisting of the weights of equal bulks 
of diflerent kinds of matter compared with water, it is necessary 
that the temperature of the standard, and of the bodies with which 
it is compared, should be the same. The temperature of 60° has 
generally been adopted as a mean, which is most easily insured in 
all situations and in all seasons ; but, unfortunately, practice is not 
quite uniform in this respect, and by Act of Parliament the tem- 
perature at which the specific gravity of spirits is determined by 
the Excise, and at which the standard weights and measures are 
adjusted, is 62°. 

From the great dilatation which aeriform matter undergoes from 
increase of tenq^erature, the correction of the measured volumes of 
different kinds of air is of the highest importance. It results from 
the accurate experiments of Dr. Dalton and M. Gay Lussac, that 
all experience equal expansions by the same augmentation of tempe- 
rature, and that 100 jiarts of air at 32°, being heated to 212°, expand 
to 1S7.5 parts: the increase being ^^th of the original bulk. 

Dividing this by 180, wo find that a volume of air dilates ^iirth 
of the volume wdiich it occupied at 32°, for every degree of Fahren- 
heit’s scale : the universality of this law, as applied to every species 
of elastic matter, not in contact with any liquid, has been proved by 
experiment with substances of the most opposite qualities, through a 
range of temperature extending from the freezing-point of water to 
the boiling-point of quicksilver. The application of this observation 
to the required corrections will be obvious with a little attention ; 
though continual mistakes are made with regard to it. Let it be 
required to know what volume 100 cubic inches of air at 70° would 
occupy at 60°, or what contraction would take place by this change 
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of 10®; we must bear in mind that it is not part per degree 
of the observed volume at 70° which is to be deducted, but 
part of the volume, which 100 cubic inches at 70° would occupy at 
32°. Now 480 parts of air at 32°, become 481 parts at 33°, 
and increase one part for every additional degree, so that at 
60° they have increased to 508 parts, and at 70° to 518 parts; 
and thus we have a proportion between the volumes at 60° and 70° 
by which we can determine the question, for 

Cb. In. Cb. In. 

480 + 38 : 480 + 28 : : 100 : 98.069. 

Or, on the other hand, if we wish to know the correct volume at 60° 
of 40 cubic inches of air observed at 35°, 

Vol. at 35“ Vol. at 60“ Cb. In. Cb. In. 

480 + 3 : 480 + 28 : : 40 : 42.07. 

Again: — the weight of 100 cubic inches of air, being 31 grains at 
60°, the weight of an equal volume at 212, will be found as 
follows — 

Vol. at 212“ Vol. at 60“ Grs. Grs. 

480 + 180 : 480 + 28 :: 31 : 23.86. 

In making this correction for temperature in addition to that 
for pressure, formerly noticed (§ 47.)^ it matters not which is first 
applied to the observed volume, as the result will be the same in 
either case. 

§ 155. One of the most important properties of heat — for the 
accurate appreciation of which we are indebted to the thermometer, 
although it may be rudely estimated by mere sensation, — is its ten- 
dency to an equal diffusion or equilibrium. Twenty or thirty 
substances of different natures, all unequally heated, will speedily 
attain to an equality of temperature in a still atmosphere, and this 
equality is established by different processes, into the nature and 
laws of which it must be our business to inquire. 

Conduction op Heat. 

§ 156. If we take a stick of charcoal, and hold it in the 
flame of a candle or lamp, we shall find no disagreeable sensation of 
heat, even when the red-hot extremity is at a very small distance 
from our fingers ; but if we take a metallic wire and hold it in the 
same situation, it will speedily burn us at many times the distance 
f^om the hot extremity long before any part becomes red. The 
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process by which the heat is conveyed along the metal is called 
Conduction. It thus travels through a body without changing the 
relative position of its adjacent particles. The law of this propa- 
gation is as follows : — If the extremity of a metallic bar be placed 
in communication with a constant source of heat, and we wait till 
it has taken up a permanent state of temperature, we shall find that 
for distances from the source taken in arithmetical progression, the 
excess of temperature above the surrounding medium will form a 
geometrical progression. 

The property varies very much in different solids; and from 
the above experiment, we conclude that the charcoal is a bad con- 
ductor, and the wire a good conductor of heat. It may be roughly 
stated, that the most dense bodies possess the property in the 
greatest proportion. Thus metals are the best conductors; next 
stones ; next hard woods, and so on. 


Table XI. Of Conduction. 


Gold . 
Marble 
Porcelain 
Fine Clay .. 


1000 

23.6 

12.2 

11.4 


Diamonds and other gems are much better conductors of heat 
than glass, and thus may be distinguished from it by contact with 
the lips which, in general, are very sensible to changes of tem- 
perature. The former substances will feel cool when compared 
with the latter. 

Metals themselves vary very much in their conducting power, 
so that if equal bars of silver and platinum be each held by one of 
their extremities, while the others are in contact with flame, the 
former will burn us while the latter will feel scarcely w’^arm. The 
following table exhibits the conducting powers of different metals 
compared with gold : — 


Table XI I. Of Conduction of Metals, 


Gold . 

. 1000 

Iron 

Silver . 

. 973 

Zinc 

Copper 

. 898.2 

Tin 

Platinum 

. 381 

Lead 


374.3 

363 

303.9 

179.6 


§ 157. We have already noticed the vagueness of any^ esti- 
mation of temperatures by comparing them with our own sensation 
the different conducting powers of substances will discover a new"^ 
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source of erroneous judgment from this test. In a room of uniform 
temperature all the different inanimate substances may be of equal 
temperature, but if we touch substances of different densities and 
natures, very different sensations will bo produced by them : a piece 
of metal will feel much colder than marble, stone, or glass ; and 
these, again, colder than a wooden-table, or a book. The reason is 
obvious; each of these substances, although they would affect a 
thermometer equally, has a different conducting power; and that 
which is the best conductor will carry off heafc from our bodies with 
the greatest rapidity, and therefore will produce in us the greatest 
sensation of cold. 

§ 158. Many useful contrivances for the convenient manage- 
ment of hot bodies are dependent upon the differences of this pro- 
perty ; as when a wooden handle is applied to protect the hand 
from a hot tea-kettle, or the handle of a silver teapot is insulated 
from the body by the interposition of small plates of ivory, which 
effectually prevent the conduction of heat to any inconvenient 
extent. 

By breaking the cohesion of solids their conducting power may 
be very much decreased, and on this account, by placing a layer of 
sand upon the hand, and carefully screening the surrounding parts, 
a red-hot iron ball may be supported without inconvenience. At 
the siege of Gibraltar red-hot balls were carried to the batteries 
in wheelbarrows, covered with sand. 

§ 159. Liquids conduct heat with such difficulty, that it has 
been doubted by some philosophers whether they be not destitute of 
this power. From the facility, however, with which they acquire 
heat, under particular circumstances, it might be hastily concluded 
that they possess it in an eminent degree : but this facility depends 
upon another property which we shall presently examine. The 
imperfection of this property in liquids may be proved by a very 
simple and easy experiment. If we nearly fill a glass tube, four 
or five inches in length, with water, and heat the upper part in 
a spirit* lamp, we may cause the water to boil upon the surface, 
while we hold the tube in the hand without the slightest incon- 
venience, the water not being able to conduct the heat downwards. 
It may be proved with greater precision by placing an air-thermo- 
meter in a glass jar, and filling the latter with water, so as to cover 
the bulb with a layer of the liquid, not more than the tenth of 
an inch in depth. Oil of the temperature of 400° may now be 
carefully poured upon the surface ; or a capsule of inflamed ether 
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may be floated upon it without affecting the thermometer (40). 
The heat, however, will ultimately be conducted down the solid 
sides of the containing vessel ; and the interference of this operation 
renders it difficult to make very accurate observations upon the 
subject ; but it has, nevertheless, been proved by very delicate and 
ingenious experiments, that liquids do conduct heat, and differences 
in the power have even been detected in different liquids: mer- 
cury, for instance, being a better conductor than water, and water 
than oil. 

§ 160. The difficulty of determining the power of conduction 
in aeriform bodies, is still greater than in liquids. It has never yet 
been proved that they are capable of conducting heat at all ; and 
common experience even may convince us that they are very bad con- 
ductors. A very simple experiment may afford a rough estimate of 
the comparative powers of conduction in the three classes of solid, 
liquid, and aeriform bodies. Metals heated to 120® will severely 
burn a hand placed upon them, owing to the facility with which the 
heat will travel towards it ; water will not scald, provided the hand 
bo kept without motion in it till it reaches the temperature of 150®, 
while the contact of air may be endured at 300°. A thin layer of 
either the liquid or air is cooled by the contact, through which the 
heat of the adjacent particles travels with great difficulty ; but if the 
hand be briskly moved about, and brought into contact with fresh 
particles, the water will be intolerable, at a much lower tem- 
perature. 

There is an experiment upon record, in the Philosophical Trans- 
actions, by Sir J oseph Banks, and others, who ventured into a room 
heated to 260°, and remained there a considerable time without 
serious inconvenience : and in several processes of the arts it is 


(40) a represents the ves- 
sel of water, with the included 
air-thermometer ; h is the capsule 
containing the inflamed ether. 
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necessary for workmen to enter stoves heated as high even as 
300°/ from which no injurious effects follow. Under such circum- 
stances, all contact with metallic substances must be carefully 
avoided, or severe injury would be sustained. The same property of 
non-conductioH also preserves the body in the opposite extreme of 
temperature ; and the late voyages to the Arctic regions prove that 
a cold of — 55°, or 14° below that of freezing mercury, may be 
sustained without injury, provided the atmosphere be still ; but if 
there be any wind, the successive contact of fresh particles, even at 
much higher temperature, will abstract heat with sufficient rapidity 
to freeze the extremities. 

§ 161. The bad conducting power of the vapour of liquids 
is strikingly proved by heating a bright capsule, or crucible of 
platinum or silver, to nearly a white heat, and then throwing into 
it a few drops of water. The liquid will be collected into the 
form of a flattened sphere, under the force of cohesion, and will 
roll about upon its axis to different parts of the heated surface 
without wetting it, being kept from contact by an intervening 
atmosphere of vapour. Under these circumstances it will slowly 
evaporate, but will never reach its boiling-point. If the tempera- 
ture, how^ever, of the metal be allowed to fill, the liquid will come 
into contact with it, and will be converted into vapour with almost 
explosive violence. 

The same phenomena are produced with water and heated iron ; 
and another curious instance of the anticipation of science by com- 
mon experience is afforded by the test which laundresses apply 
to ascertain the proper temperature of their smoothing-irons. When 
a drop of moisture, extemporaneously applied, rolls off the iron 
in a globule, they know that it is sufficiently hot; but when it 
adheres and boils, it is returned to the stove. 

§ 162. Many useful applications are daily made of these 
principles, to the purposes of convenience, and of the arts. We put 
double doors inclosing a body of air, to our furnaces, to prevent the 
heat from being conducted outwards ; and wo double-case our ice- 
houses to prevent it from being conducted inwards. We act upon 
the same experience in the selection of proper substances for 
clothing, to preserve our animal warmth : and articles of dress 
are warm in proportion to the quantity of air wdiicli they contain in 
their texture ; furs, feathers, wool, and down, retard the passage of 
heat in this way; and, for the same reason, snow preserves the 
warmth of the earth in frosty weather. 
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Count Rumford measured the relative conducting power of 
different materials employed for clothing, by enveloping a thermo- 
meter in a glass cylinder, blown into a ball at its extremity, and 
filling the interstices with the substance to be examined. He heated 
the apparatus in boiling water, and then transferred it into melting 
ice, and observed the number of seconds which elapsed during the 
passage of the thermometer through 136 degrees. 


Air, alone required , 576" 

Lint . . . 1032 

Cotton wool . . 1046 

Sheeps* wool . . 1118 


Raw silk , . 1284 

Beavers* fur . . 1296 

Eider down . . 1305 

Hares’ fur . . 1315 


The unerring Wisdom wdiich providently presides over the 
order of nature, changes the clothing of many animals as the seasons 
change : hair, at the approach of winter, being changed into wool, 
and feathers into down. 


Convection of Heat. 

§ 163. Every one is aware that, notwithstanding the difficulty 
with which heat travels through liquid and aeriform matter, by the 
process of conduction, that is, without disturbing the relative posi- 
tion of adjacent ])articles, both classes of bodies speedily become 
heated, and that equilibrium of temperature is brought about which 
it is always the tendency of heat to operate and maintain. This is 
effected by processes of circulation — or rapid change in the relative 
position of adjacent particles, — and the process has been appropri- 
ately termed Convection. 

When a liquid is heated we have seen that it expands, and, 
of course, becomes lighter ; from its great mobility the heated and 
lighter particles rise to the surface of the mass, and a new portion 
comes into contact with the source of heat, rises in its turn, and 
so the whole is brought successively .under its influence, and the^. 
motion will continue, as long as heat continues to be thus commu- 
nicated. The rapidity with which heat is thus conveyed is easily 
illustrated by the simple apparatus of the water in the glass tube 
(§ 159). If, instead of applying the flame of the spirit-lamp to the 
surface of the liquid, it be applied to the bottom, the whole mass 
speedily attains the boiling temperature, and becomes intolerable to 
the hand. The course of the currents by which the circulation is 
maintained is easily rendered visible by suspending some light 
powder, of about the same specific gravity, in water, in a glass 
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flask (41). The more a liquid is expanded by a given change of 
temperature, the greater will be the difference of specific gravity 
between the part which is heated and the rest of the mass, and 
the more rapid therefore will bo the circulation from the change. 
Any tenacity and viscosity in the liquid will impede its motion, 
and when water is thickened with flour, or other farinaceous 
substances, it parts with acquired heat very slowly : many a person, 
however, has burned his mouth with hot porridge, and expressed 
his surprise at the slowness with which it cools, without being able 
to assign the philosophical reason of the phenomenon. 

The circulation of heated water is now commonly and advanta- 
geously applied as a safe, economical, and regular means of warming 
hothouses, and other buildings. 

§164. The same process takes place, but much more rapidly, 
in elastic fluids ; and in this class of bodies the equilibrium of heat 
is maintained by a circulation of the most perfect kind. Any one 
who has observed “ the moats in a sunbeam,'’’ must have remarked 
by their motion, in almost every direction, the rapidity with which 
the ascending and descending currents of the air upon which they 
are borne, intermingle ; and upon looking acioss a heated body, as a 



(41) The direction of the ascending and descending 
currents, in a vessel of water heated from the bottom, is 
shown by the darts in this diagram. An ascending cur- 
rent sets up the axis of the cylinder, and is compensated 
by an equal quantity of liquid descending towards the 
circumference. If the heat be applied equally round the 
sides of the vessel, the direction of the currents will be 
reversed. The motion of the particles of light powder 
become very rapid, and the water is thus carried to its 
boiling-point. 
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chimney or a hot poker, the ascent of the heated column of air may 
clearly be detected. 

The force with which it rises is indicated by the steady and 
tapering form of the flame of a candle, which consists of aeriform 
matter in a state of ignition. This heated current generally ascends 
perpendicularly in the surrounding cool medium, but may be 
diverted from its course by holding over it a long tube, in the axis of 
which it will flow, though greatly inclined from the perpendicular. 
The flame of a gas-burner may even be directed downwards by 
connecting it with the shorter arm of a tube, bent twice, at right 
angles. The longer arm must have the air within it rarified, by 
burning a little spirit of wine in a sponge, when an ascending 
current will be established, which will draw down the ignited gas, 
the heat of which will afterwards Maintain the draught in the 
chimney. 

§ 165. The expansive and ascensional force of a body 6f hot 
air may also be illustrated by confining it in a bag of any light 
material, such as tissue paper. If the aperture of such a bag be 
held over the flame of a piece of sponge, steeped in spirit of wine, 
it wdll become distended, and ascend in the air. Such was the 
power which Montgolfier first applied to the construction of a bal- 
loon, and in dependence upon this principle Pilatre de Rosier first 
committed himself to float upon the atmosphere. 

§ 166. Some very interesting properties of aerial currents 
may be illustrated by placing a lighted taper in a flat dish, and 
covering it with a bell-glass, with a long chimney immediately over 
the flame. If a little w^ater be placed round the edge of the glass, 
in the dish, the air will be prevented from entering under it, and the 
flame will speedily be extinguished for want of a fresh supply. If, 
however, the taper be again lighted, and the chimney of the bell- 
glass be divided into two channels by a diaphragm down the middle, 
and it be again placed over the taper, it will continue to burn for any 
length of time. The heated and light particles of the air, which 
tended to ascend in the tube in the former arrangement, but were 
impeded by the opposite tendency of the cold particles to descend, 
will pass out by an ascending current on one side of the diaphragm, 
while a contrary current of fresh air will continually compensate 
them on the other side ; the direction of these currents is readily 
rendered visible, by mingling some cloudy or smoky substance with 
the descending current. This separation of contrary currents is of 
considerable importance in the ventilation of mines, and many deep 
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shafts are divided by boarded partitions, to insure the descent of 
fresh air upon this principle. 

We are indebted to the expansion of air for the ventilation X)f 
our rooms, and for the ascending currents in our chimnies, by which 
our fires are maintained. If we hold the flame of a candle to the 
upper part of a door, opening into a heated room, we shall not fail 
to find, by the direction in which it is bent, that a current of light 
heated air passes outwards; while, by lowering it to near the 
bottom, we shall be able to detect a counter-current of denser cold 
air rushing inwards with equal velocity. 

The knowledge of these priiicijdes, it cannot be denied, ought to 
have led to a more perfect system of ventilation than is commonly 
adopted in our public buildings, where crowds assemble for business 
or for pleasure ; but this, urfliappily, is not the only instance in 
w’hich indolence prefers the well-beaten road of routine practice to 
the more laborious paths which better knowledge would point out. 

§ 167. The convection of heat is a process of the utmost 
consequence also in some of the grand operations of nature ; and it 
is principally by the circulation of fluids, elastic and non-elastic, of 
which their perfect mobility renders them susceptible, that the 
distribution of temperature over the earth is regulated, and those 
great inequalities guarded against, which would certainly result from 
the heating of the solid strata alone. Thus the atmosphere with 
which the globe is surrounded, moderates the extremes of tempera- 
tures both in the arctic and equatorial regions. When the surface 
h^^^es heated by the direct rays of the vertical sun, the stratum of 
l^l^osing on it is rarefied and ascends ; its place is supplied by the 
#^ser air pressing in from the colder parallels, and by a constant 
succession of these operations the heat is moderated, which would 
otherwise become intense. The constant current of the trade winds 
owes its primary impulse and direction to this cause. The constantly 
ascending warm air, in its effort to maintain that equilibrium and 
equality of pressure which results from the laws of hydrostatics, must/ 
flow over towards the colder climates, and carry with it the heat 
with which it is charged, and thereby mitigate the extremes of cold. 
Currents from the poles and the equator upon the surface of the 
earth, and opposite currents from the equator to the poles, in the 
upper region of the atmosphere, will therefore constantly exist, 
although their directions may be variously modified by inequalities 
upon the earth's surface, and other disturbing influences. The 
course of these grand compensating currents has often been traced 
by accidental circumstances. Some years ago, during an eruption 
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of a volcano in the island of St. Vincent, in the West Indies, it was 
observed that the ashes were carried against the course of the winds : 
i, against the course of the current upon the surface of the earth. 
The force of the explosion, or the ascensional force of the ascending 
column of heated air had, in fact, carried them into the upper stream, 
which was flowing in the contrary direction. Those also who have 
made the ascent of the Peak of Teneriffe, have constantly observed 
the wind blowing in the contrary direction on the summit, to that 
which prevailed at the foot of that mountain. 

§ 168. Water is not less useful in this respect, in the economy 
of nature. When a current of cold air passes over the surface of a 
large collection of water, it abstracts from it a quantity of heat ; the 
specific gravity of the water is thereby increased, and the cooled 
portion sinks. Its descent forces up a portion of warmer water to 
the surface, which again communicates heat to the air passing over 
it ; and this process may be continued for a considerable time, pro- 
portioned to the depth of the water. Currents are also formed in 
the ocean similar to those in the elastic atmosphere. The water 
which descends, when unobstructed, must spread at the bottom of 
the sea, and the denser water of cooler latitudes will flow towards 
the equator, and produce compensating currents upon the surface 
in opposite directions ; and thus the ocean again tends to moderate 
the excessive heats of the torrid zone, as well as the intense colds of 
the polar climates. The Gulf Stream, as it is named, is an example 
of this action. This great current sets across the Atlantic from the 
coasts of Africa, and being deflected from the shores of the 
Mexico, is carried northwards to the banks of Newfoundland, iifc||w 
neighbouring latitudes of which, it may generally be detected by 
effects upon the thermometer. An immense volume of warm water 
is thus transported to the cold regions of the north, where it cannot 
but have a considerable influence upon the climate. It is probable 
that the temperature of the westerly winds of our own island in 
winter is much influenced by this cause. 

§ 169. And here we must not fail to observe the important and 
beneficial purpose effected by that singular exception to the general 
law of expansion by heat, which fixes the point of greatest density 
in water nearly eight degrees above its point of congelation (§ 153). 
When the whole mass of accumulated fluid, such as that in a deep 
lake, has been cooled down to the temperature of 40° by the perpeu* 
dicular circulation which we have just considered, the vertical 
movement ceases, and the surface water becoming lighter as the 

I2 
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temperature further falls, soon sets into a sheet of ice. The sulqa- 
cent water is preserved from the further influence of the cold by the 
cessation of the circulation, and its almost perfect non-conducting 
power. If, like mercury, oil, and other liquids, its density went on 
augmenting to its freezing point, the cold air would continue to rob 
the mass of its heat till the whole sank to 32°, and it would suddenly 
set into a solid rock of ice, and every living animal within it would 
perish. In these climates a lake so frozen could never again be 
liquefied ; for the process of thawing necessarily beginning above, 
the heated and light water would lie upon the surface, and effectually 
prevent the convection of heat to the lower strata. 

This observation is, however, only fully applicable to accumu- 
lations of fresh water : for the waters of the “ great deep,” another 
protection has been provided. Saline matter in solution in water, 
it has been ascertained, lowers both the point of freezing, and the 
point of maximum density. The ocean, on that account, and 
because of its great depth, which renders it an almost inexhaustible 
store of heat, resists freezing still more effectually than the deepest 
natural reservoirs of fresh M^ater, and is scarcely known to freeze, 
except in latitudes where the most intense cold prevails. Even 
then, it is the watery 2 )articles alone which congeal to the exclusion 
of the saline, which, increasing the density of the lower strata, 
arrest their circulation, and thus preserve them from the superficial 
cold. 


Heatup Composition. 

§ 170. ffeaf and Temperature w^e have hitherto used as 
nearly synonymous terms, and all the eftbets of the subtle force, to 
which we have been directing our attention, have been accompanied 
by its free development, and have been measured by our sensations, 
and by the thermometer and pyrometer. We have now to trace it, 
entering, as it were, into the composition of bodies, losing its cha- 
racter of temperature, and becoming latent to our instruments and 
our feelings. 

Equal volumes of the same liquid, at different temperatures, 
afford, upon mixture, the mean temperature of the two. A pint of 
water at 50°, being mixed with a pint at 100°, a thermometer im- 
mersed in the mixture will indicate a temperature of 75°. This result 
has already, indeed, been adduced in confirmation of the accuracy 
of the instrument {§ 143). If, however, a measure of quicksilver 
at 100° be agitated with an equal measure of water at 40°, the 
resulting temperature of the two will not be 70°, or the mean, but 
10° lower, or 60° ; so that the quicksilver will lose 40°, whereas the 
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water will only gain 20° : yet the water must contain the whole 
heat which the quicksilver has lost. Hence, it appears that water 
has a greater capacity for heat than quicksilver : it requires a larger 
quantity of heat to raise it to a given temperature. The confirmation 
of this view may be obtained by the converse of the experiment ; for 
if a measure of water at 100° be agitated with an equal measure of 
quicksilver at 40°, the resulting temperature will be 80°: the water 
will fall 20° in temperature, but in this fall will give out sufiicient 
heat to raise the quicksilver 40°. 

The same comparison may be made by weight, and will lead to 
the same conclusion. Thus, if a pound of quicksilver at 40° be 
agitated with a pound of water at 156°, the resulting temperature 
will be 152°.3 : the water will lose 3°.7 of temperature, but enough 
heat will be evolved to raise the metal 112°.3. Now, the proportion 
of 3°.7 : 112°.3, is the same as 0.033 : 1; hence, adopting water 
as the standard of comparison, wo call the specific heat of quick- 
silver 0.033, designating by the term specific heat the heat peculiar 
to the species of matter compared with the standard. 

Again If a pound of water at 100°, and the same weight of oil 
at 50°, bo mixed together, the resulting temperature will not be the 
mean 75°, but 83°. 5 ; the water, therefore, will lose 16°§, while the 
oil will gain 33°<}, or reversing the temperatures, the mean will be 
()6°i, so that the oil will give out 33°i, and the water will rise only 
16°'^. Hence, the heat which will raise the temperature of oil 2°, 
will raise an equal weight of water 1° ; and the specific heat 
of oil will therefore bo 0.5°. 

§ 171. This different capacity of difterent bodies for heat 
must have a considcrablo influence upon their rates of heating or 
cooling : those which have the highest s])ccific heat increasing or 
diminishing their temperatures most slowly under equal circum- 
stances. Thus, if equal ({uaiitities of water and quicksilver be placed 
at equal distances before a fire, the metal will be more rfipidly 
heated than the water; and again will cool down a certain number 
of degrees more rapidly when exposed in a cold place. Conversely, 
the specific heats of different bodies may be determined by carefully 
observing the time in which they cool down a certain number of 
degrees, and comparing them with water under similar circum- 
stances. This method is susceptible of great accuracy, and may 
obviously be applied where mixture is impossible. 

§ 172. A third method of ascertaining specific heats was 
devised by M,M. Lavoisier and La Place, who contrived an appa- 
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ratus for the purpose, to which they gave the name of Calorimeter. 
This instrument was liable, however, to some practical objections, 
which have limited its use. The principle, upon which it was 
constructed, will afford another illustration of the nature of the 
phenomenon (42). A certain weight of water, for instance, was 
surrounded with ice in a convenient vessel, and in passing from the 
temperature of 212° to 32°, the quantity melted was found to be a 
pound ; an equal weight of oil in cooling down through the same 
range of temperature thawed only half a pound: and from this 
experiment we arrive at the same conclusion, as from mixture and 
cooling, that the specific heat of water being reckoned as 1°, that of 
the oil is only 0.5°. 

The following Table exhibits the specific heats of various bodies 
referred to this standard, from the best authorities : — 

Table XIII. Of Specific Heats. 

Hydrogen gas . . 3.2936 Oxygen .... 0.2361 

Water 1.0000 Carbonic acid . . . 0.2210 

Aqueous vapour . . 0.8470 Charcoal .... 0.2631 

Alcohol 0.7000 Sulphur .... 0.1850 

Ether 0.6600 I Iron 0.1100 

Oil 0.5200 ' Mercury .... 0.0330 

Nitrogen gas . . . 0.2754 Platinum .... 0.0314 

Air 0.2669 Gold 0.0298 


(42) The calorimeter consists 
of two similar metallic vessels, the 
one contained within the other, and 
kept separate by small pieces of 
wood. The interval, between the 
two is filled with ice, broken small, 
and packed close. By constantly 
renewing this ice as it melts by the 
heat of the atmosphere, the interior 
vessel will be kept constantly at 
the temperature of 32°. The water 
which is formed is removed by a 
stop-cock placed at the lower part 
of the interval between the two 
vessels. Within the interior vessel another still smaller is suspended, 
formed of iron net, designed to hold the body to be cooled. The interval 
between this third vessel and the second is also filled with ice : and the 
water which this latter produces in melting, flows out of the lateral stop- 
cock into a vessel which receives it, that it may be accurately weighed. 
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§ 173. It has been shown by the careful experiments of 
M.M. Duloiig and Petit, that the specific heat of bodies increases 
as their temperature rises; so that it requires more heat to raise 
them a certain number of degrees when at a high than when at a 
low temperature. The specific heat of iron, for instance, was found 
as set down in the following Table : — 

Table XIV. Specific Heat of Iron » 

From 32^ to 212° 0.1098 

392° 0.11,50 

572 ° 0.1218 

602° 0.125,5 

A similar law is maintained in other bodies, as shown in the 
following Table : — 

Table XV. Proriresute Specific Heat. 

Between 32" and 212". Between 32® and 572". 


Of Mercury 

. 

. 0.0330 

0.0350 

Zinc . 

. . 

. . 0.0927 

0.1015 

Antimony . 

. • 

. 0.0507 

0.0547 

Silver 

. . . 

. 0.0557 

0.0611 

Copper . 

. • 

. 0.0049 

0.1013 

Platinum 

. . 

. . 0.0.'5:!5 

0.0355 

Glass 

. . . 

. 0.1770 

0.1900 


§ 174 . It is probably from cdianges effected in the specific 
heat of bodies that condensation or approximation of their particles 
is attended with elevation of temperature, and dilatation or expansion 
with the opposite effect. 

When spirits of wine and water arc mixed together in equal 
measures, it may be shown that the bulk of the mixture is less than 
that of the two liquids in their separate states; and, in consequence, 
the temperature rises so as to become sensibly warm to the hand. 
In the same way oil of vitriol and water contract on mixture, and 
so much heat becomes free, that some inflammable substances may 
be kindled, or water boiled, by its a])plication. The sudden com- 
pression of air by the piston of a small syringe disengages heat 
enough to kindle tinder exposed to it: while compressed air sud- 
denly allowed to expand will become so cold as to condense all the 
vapour, with which it may be mixed, in the form of a cloud. If a 
delicate thermometer again be suspended in the receiver of an air- 
pum]), it will be found to sink during the process of exhaustion^ and 
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the cloud which commonly forms at the same time is owing to the 
same absorption of the heat of temperature. 

§ 175. The increased capacity which iair acquires by rare- 
faction has an important influence in modifying the temperature of 
the atmosphere. The air becoming rarer as it ascends, absorbs its 
own free heat, and hence becomes cold in proportion as it recedes 
from the surface of the earth, from which it chiefly derives its heat. 
The average depression of temperature has been found to be about 1° 
of Fahrenheit's scale for each 300 feet of ascent. By this constitution 
of the atmosphere heat, so to speak, is economised : for if, instead 
of thus being absorbed and laid up in store, it had remained 
free, it would soon have become dissipated and lost. Other most 
important purposes are also effected by the progression of temper- 
ature which this law of specific heat has a tendency to maintain, 
to which we shall presently advert. 

§ 176. When matter undergoes one of the great physical 
changes, from the solid to the liquid, and from the liquid to the 
aeriform state, we find exemplifications of the phenomena of 
latent heat. As in these transitions a large (quantity of heat is 
absorbed, combined, or fixed, so in the opposite changes from the 
acTiform to the liquid, and from the liquid to the solid state, heat 
is again liberated and becomes sensible. 

It was Dr. Black, who about the year 1757, originally investi- 
gated the phenomena of latent heat with singular success, and his 
researches upon the subject rank amongst the most admirable efforts 
of experimental philosophy. The observation had, as has been before 
remarked (§ 139), previously been made that the freezing and boiling 
of water always took place at certain fixed temperatures ; but it 
occurred first to Dr. Black, to inquire what becomes of the heat 
which in either case must keep continually flowing into the bodies 
whilst the processes are maintained. 

Equal weights of water at 32®, and of water at 212® wdll, as 
has been before explained, produce on mixture the mean temp^a- 
ture of 122° : but equal weights of ice at 32®, and of water at 212^ 
only produce, after the ice has melted, a temperature of 52 : the 
water loses 160 degrees of temperature while the ice acquires only 
20°; 140° degrees of heat are therefore expended in changing the 
state of the ice from solid to liquid. Dr. Black, from this and 
similar experiments, drew the conclusion that this portion of heat 
became latent in the water; which owes its fluid state to this 
latent heat. That this heat is not destroyed or annihilated, will 



FREEZING MIXTCJftEfil. 121 

appear from considering that water, exposed to a degree of cold far 
below the freezing point, will gradually part with its excess of 
temperature above that of the surrounding bodies, and become colder 
and colder till it reaches the freezing point ; but will not descend 
below 32° till the whole has become ice, and yet it must continue 
yielding up heat at the same rate as before. There must therefore 
be within it a continued supply of heat to keep it up to this fixed 
point: the moment the whole becomes concrete, the temperature 
will begin to sink, and will soon reach that of the surrounding 
objects and medium. 

§ 177. Similar phenomena are observable in all cases of 
liquefaction ; and wo can produce artificial cold often of great 
intensity by the rapid solution of certain saline bodies in water ; 
upon this principle the action of freezing mixtures depends, which 
arc often applied economically to the purpose of cooling beverages 
in hot climates. The mere solution of nitre alone will lower the 
temperature of water at 50° to 35° and four ounces of nitrate of 
ammonia, with four ounces of carbonate of soda, dissolved in four 
ounces of water at 60°, will in three hours freeze ten ounces of 
water in a metallic vessel immersed in the mixture whilst the solu- 
tion is in progress. A mixture of equal parts of snow, or pounded ice 
and common salt, will sink the thermometer from 32° to 0°, or the 
])oint from which Fahrenheit commenced his thermometric scale, 
upon the mistaken notion that he had obtained the absolute zero 
of heat. It is this mixture which is commonly employed for 
freezing cream. From the rapidity with which salt and ice react 
upon one another and produce liquefaction, salt is often strewed 
upon the pavement of the streets when they become incrusted with 
hardened snow, and it is then easily removed. The thawing of the 
ice by the production of a greater degree of cold, might appear 
paradoxical to those who have not properly considered the steps of 
the process. 

A mixture of three parts of muriate of lime and two parts of 
HiioV, will sink the thermometer from 32° to — 50°, a degree of cold 
sufficiently intense to freeze quicksilver. To produce the maximum 
effect, the salts should be newly crystallized, reduced to a fine 
powder and cooled to 32°, and the vessels in which the freezing 
mixture is made should bo very thin. The mixture should also be 
made as rapidly as possible. 

One of the most striking modes of illustrating the absorption of 
heat by liquefaction, is by the action of metallic bodies alone : if 
207 parts of lead, 118 of tin, and 284 of bismuth be melted toge- 
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ther and reduced to a fine state of division by pouring them into 
water, upon dissolving the alloy in 1617 parts of quicksilver, a 
thermometer immersed in the mixture will sink from 63 to 14, and 
water may be frozen by the process. 

All liquids remain perfectly fixed at the temperature of their 
congealing points during the process of liquefaction, or as long as 
any of the substance remains in the solid form : their temperatures 
cannot rise, because all the heat to which they may be exposed is 
absorbed and rendered latent. The use of this point in water for 
the graduation of thermometers we have already noticed (§ 139). 

§ 1 78. The following is a Table of the congealing points of 
various bodies, including a range of temperature from the boiling of 
water to the freezing of mercury, throughout which the law is 
maintained : — 


Table XVI. 


Sulphuric ether . 

. -46° 

Mercury . 

. -39 

Oil of turpentine 

. +14 

Water 

. 32 

Olive oil . 

. 36 


Of Congealing Points. 


Acetic acid 

• 

. 50‘ 

Tallow 

. 

. 92 

Wax . 

, 

. 149 

Sulphur 

. 

. 218 


The fusing or congealing points of metals in the higher ranges 
of the pyrometer, are equally fixed, and the temperature of melting 
iron or gold is invariable in the heat of the most powerful wind 
furnace, so long as any of the metal remains in the solid state. 


Mercury . 

. - 39° 

Potassium 

. + 136 

Sodium 

. 194 

Bismuth, lead and tini 
alloy . . ) 

Tin . 

, 442 

Bismuth . 

. 476 

Lead 

. 612 


Zinc . . . 773° 

Silver . . . 1873 

Copper . . . 1996 

Gold . • 2016 

Cast iron . . . 2786 

• 3280 


Table XVII. Congealing Points of Metals, 


§ 179. The quantity of heat absorbed, or rendered latent by 
the fusion of various bodies, is not a constant quantity for all, but 
varies in different bodies ; this is shown by the following results of 
the experiments of Dr. Irvine : — 
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Table XVIII. Latent Heat of Liquids, 


Water . 
Sulphur 
Spermaceti 
Lead 


. 140 ° 

. 143.7 
. 145 
. 162 


Bees'^-wax 
Zinc 
Tin . 

Bismuth . 


. 175 ° 
. 494 
. 500 
. 550 


§ 180. When liquids, on the contrary, pass into the solid 
state, their latent heat becomes sensible; water, by careful manage- 
ment, as by exposing it in an undisturbed atmosphere to a freezing 
mixture with a little oil floating upon its surface, may be cooled 
several degrees below its freezing -point without solidifying, but the 
moment that, by agitation or other means, it is made to congeal, it 
rises to the temperature of 32°. 

If spirit of wine be poured into a saturated solution of sulphate 
of potassa, the salt is instantly precipitated in the solid form, and 
the temperature of the liquid rises so as to become sensibly warm to 
the hand. When water is poured upon quick-lime, a great degree 
of heat, and sometimes ignition, is produced, from the solidification 
which it undergoes in consequence of chemical combination. In 
short, congelation is at all times a heating, and liquefaction a 
cooling, j)rocess, to all surrounding bodies. 

If wo pursue the relations of matter and heat under the next 
change of physical condition, we shall find the same laws maintained 
in the passage of a body from the state of a liquid to that of a 
vapour, and in the contrary operation of passing from the aerifomi 
to the lic^uid condition. There is no more clear and convincing 
mode of exemplifying the phenomena than by reference to the 
common still and worm-tub. During the whole process of ebul- 
lition ill the still, when once the liquid has attained its boiling- 
point the temperature never rises above that point : notwithstanding 
the constant action of a strong fire it never varies, but all the heat 
is absorbed, and fixed by the process of vaporization. The water 
in the worm-tub, on the contrary, becomes hotter and hotter during 
the passage of the vapour again ’into the liquid state, and unless 
the cold water were constantly renewed, the process could not 
be carried on. The vapour, in fact, acts the part of a carrier of the 
heat, taking it from the fire and delivering it up to the water. 

The heat given off by steam, during its condensation, is now 
commonly applied to the warming of buildings, and is at once safe, 
salubrious, and economical. 

§ 181. If the process of vaporization had not been thus 
progressive, — if the ebnstitution of a liquid had been such, that 
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upon reaching a certain temperature it would have been at once 
converted into the aeriform state, the boiling of a tea-kettle would 
have been a service of imminent danger; the whole volume of 
water would have at once flashed into steam, with explosive 
violence. 

Such a danger is, in fact, incurred upon distilling oil of vitriol, 
without great caution. The specific heat of the vapour of this acid 
is very small, and hence, when it begins to boil, sudden explosions 
of dense vapour rush forth from time to time, and the glass retort is 
liable to be broken by the concussion. 

Every liquid, when of the same degree of purity, and under 
equal circumstance of atmospheric pressure, has one specific point at 
which it invariably boils : — thus, pure water boils at 21 2'’ ; spirits 
of wine, of the specific gravity of .813, at 173°; ether, at 96°, 
when the pressure of the atmosphere, as indicated by the barometer, 
is thirty inches : that is to say, at those respective temperatures 
their several vapours attain an elasticity equal to that of the incum- 
bent atmosphere, and they are enabled by the slightest impulse 
to act upon the air in mass, and to remove its obstruction to their 
course. 


§ 182. The decrease of the atmospheric pressure enables 
vapour of lower degrees of elasticity to overcome its resistance, and 
hence liquids boil at lower temperature when it is diminished. 
Under the receiver of an air-pump water may be made to boil 
at the temperature of 32° : that is to say, the pressure may be 
reduced till the vapour of water at that temperature, which is of 
no higher degree of elasticity than would be sufficient to support 
a column of mercury in the barometer of 0.20 inches, would bo 
sufficient to remove it, but the full amount of latent heat must be 
absorbed in its passage into the aeriform state. 

If some ether be placed under the receiver of the air-pump, and 
an arrangement made by means of a sliding-rod, by which a small 
flask of water, covered with some bibulous substance, be alternately 
dipped into it, and removed, when the exhaustion is made the ether 
will boil rapidly, and absorbing the heat of the water, will cause it 
speedily to congeal. 

Mercury may even be frozen by the same process, by substituting 
sulphuret of carbon for the ether. The rapid evaporation of water 
is carried on with the greatest facility under diminished pressure, 
especially if the steam which is formed be condensed during its 
formation, so as to remove the resistance of its elasticity. Upon this 
principle depends an ingenious mode of freezing water in common 
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atmospheric temperatures, devised by the late Sir John Leslie. 
For this purpose some substance which rapidly absorbs the vapour 
of water, such as oil of vitriol, (dried basaltic rock, — or dried 
oatmeal will answer the purpose,) is placed in a flat dish upon the 
plate of the air-pump, over this is supported upon a glass trivet 
a capsule of glass, containing a little water, and a delicate thermo- 
meter, and the whole is covered with a low glass receiver ; when 
the vacuum is made, a very instructive series of phenomena ensue. 
The water is speedily seen to boil, or give out large bubbles of 
steam, and the thermometer begins to fall very rapidly, denoting 
that the free heat, or heat of temperature, is rapidly absorbed during 
the process of vaporization. This steam is instantly absorbed by 
the oil of vitriol, which becomes hot by the evolution of the latent 
heat of the steam during its return to the liquid state, and in a short 
time the whole remainder of the water is converted into a cake of 
ice (43). 

Another beautiful illustration of the same principle is afforded 
by a little apparatus of the late Dr. Wollaston, which was 
named by him the cryophorm^ or frost-bearer. It consists of two 
bulbs of glass, connected together by a long stem of glass, and 
containing water. The water is boiled in one of the bulbs till' the 
included air is expelled by the generated steam, through a small 
aperture in the other bulb, which is then sealed at a lamp ; when 
cool, the pressure of the included steam is reduced to that due to the 
temperature of the air : if the empty bulb be now surrounded with 
a freezing mixture of snow and salt, its elasticity again falls, and 
rapid evaporation takes place from the water in the distant ball. 



(43) A is the glass 
dish which contains the 
acid ; n the trivet sup- 
porting the glass cap- 
sule, B, three parts 
filled with water ; and 
c the thermometer, to 
show the progress of 
the refrigeration. 
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which is soon converted into ice by the rapid abstraction of its heal; 
of temperature (44). 

§ 183. The rapid evaporation of water at low temperatures, 
under diminished pressure, has been taken advantage of in the arts, 
in certain processes where vegetable products are liable to injury 
from exposure to high temperatures. Thus the manufacture of 
sugar has been improved in the process of Mr. Howard, by which the 
boiling of the syrup is carried on in close pans, from which the air 
is extracted by means of the air-pump : and the pre{>aration of 
vegetable extracts is effected without any danger of burning, by Mr. 
Barry’s process, in close vessels from which the air is expelled by 
steam, the elasticity of which is afterwards reduced by cold water. 
The distillation of spirits is also effected by similar means, without 
the danger of imparting an empyreumatic flavour to the products. 

§ 184. In consequence of the diminished elasticity of the air 
in the upper regions of the atmosphere, the boiling-point of liquids 
is lower on the tops of mountains than at their bases ; and water 
boils at the summit of Mont Blanc, at the temperature of 187®. The 
late Archdeacon Wollaston invented an apparatus upon this prin- 
ciple, which is applicable to the measurement of heights. It consists 
of a mercurial thermometer, with a very large bulb, dipping into 
a small portable boiler, which is readily heated by a spirit-lamp. 
By means of a vernier the lOOOth part of a degree may be read off 
upon the scale ; and although such a thermometer would but slowly 
follow, and imperfectly indicate changes of atmospheric temperature, 
in consequence of the large quantity of the mercury to be heated, 

(44) This figure represents the Cryophorus, arranged for the expe- 
riment, with one of its balls immersed in the freezing mixture. 
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the permanency of the boiling-point of water easily permits of 
its being exposed to it for a sufficient time to ensure its full effect. 
He found that a difference of barometric pressure of 0.589 inches, 
was equivalent to 1° in the boiling-point, or 530 feet of ascent ; and 
that the difference of the height of a common table from the ground 
would produce a difference in the boiling-point, which was clearly 
indicated by the instrument. 


§ 185. It follows from the principles which we have just 
established, that under a pressure greater than that of the atmos- 
phere, liquids must require a higher temperature to make them boil, 
— to make them generate vapour of a force equivalent to that 
pressure. If water bo enclosed in a small boiler, at the bottom of 
which some quicksilver is placed, into which an open barometer- 
tube may be plunged after passing through a tight packing-box, 
and the bulb of a thermometer be immersed in the water through 
a similar packing-box, it may be made to boil. The steam being 
allowed to escape into the air through an open stop-cock, the 
thermometer, under these circumstances, will indicate the usual 


temperature of 212° (45). If 
the stop-cock be then closed, 
the elastic force of the con- 
fined steam will gradually 
increase ; and, reacting upon 
the surfaces of the water and 
quicksilver, will raise a co- 
lumn of the latter in the 
barometer-tube, or gauge, 
which by its height will 
measure the elasticity of the 


(4.5.) a is the strong brass 
globe, composed of two hemi- 
spheres screwed together with 
flanches ; 5 is the barometer- 
tube passing through* the steam- 
tight collar ; c is the thermo- 
meter, graduated to 400°, and 
also passing through a steam- 
tight collar d; ia a stop-cock, 
and e a spirit-lamp. The 
whole is supported upon the 
brass stand,/. 
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rising T»p(mr i ns the eolumti ascends the temperature will augment, 
md whOT it attains the height of thirty inches, denoting that the 
atmospheric pressure is doubled, the thermometer will indicate the 
temperature of 250.5, 

The subject has recently been examined by a commission of the 
Academy of Sciences at Paris, at the head of which were M.M. 
Dulong and Arago; they obtained the results set down in the 
following Table, by actual experiment, to twenty-five atmospheres, — 
or a pressure of 375lbs. upon the square inch, and extended it by 
calculation to fifty atmospheres : — 


Table XIX. Force and Temperature of Steam, 


Atmos. 

Temp. 

Atmos. 

Temp. 

Atmos. 

Temp. 

1 . 

. 21 2« 

10 . 

358®.88 

19 . 

413».78 

2 . 

. 250.52 

11 . 

. 366.85 

20 . 

. 418.46 

3 . 

. 275.18 

12 , 

. 374.00 

21 . 

. 422.96 

4 . 

. 293.72 

13 . 

. 380.66 

22 . 

. 427.28 

5 . 

. 307.5 

14 . 

. 386.94 

23 . 

. 431.42 

6 , 

. 320.36 

15 . 

. 392.86 

24 . 

. 435.56 

7 . 

8 . 

. 331.70 
. 341.78 

16 . 

17 . 

. 398.48 
. 403.82 

25 . 

. 439.34 



9 . 

. 350.78 

18 . 

. 408.92 

50 . 

. 510.60 


§ 186. The solvent powers of water are greatly increased by 
the elevation of temperature which may be communicated to it by 
pressure; and this property was turned to economical account in 
Papin’s digester, which consists of a boiler, fitted by means of 
wedges, with a close cover, in which is a safety-valve, which, being 
loaded with weights, only yields when the internal pressure exceeds 
a certain amount. This apparatus has recently been employed for the 
extraction, upon a large scale, of the gelatinous and albuminous matter 
which abounds in bones, and the product has been applied to the 
purposes of nutrition. As the temperature of steam is always that 
of the liquid producing it, and may be accurately regulated by the 
degree of pressure, high-pressure steam is often applied with great 
advantage when a steady heat may be required. 


§ 187. The following is a Table of the boiling-points of seve- 
ral liquids, under a mean barometric pressure of 30 inches : — 


Table XX. Of the Boiling-points of Liquids* 


Fahren. 

Ether, sp. gr., 0.736, at 48® . 100 
Sulphuret of Carbon . . .113 
Alcohol, sp. gravity 0.813 . 173.5 
Nitric acid, sp. gr. 1.500 . 210 


Fahren. 

Water . . ^ ... 212 

Oil of turpentine . . . .316 

Sulphuric acid, sp. gr. 1 £48 600 
Mercury 055 
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§ 188. Having seen that a large qijantity of heat is absorbed, 
or becomes latent, in the passage of a liquid to the aeriform state, 
and is again given out by its recondensation, it becomes an interest- 
ing subject of inquiry, to ascertain the quantity which thus enters 
into combination. Dr. Black approximatively determined this for 
water by a very simple experiment. He placed two cylindrical flat- 
bottomed vessels of tin-plate of similar dimensions, containing equal 
measures of water at 54°, upon an iron-plate, which was kept heated. 
He noted that in four minutes the water began to boil, and in twenty 
minutes the whole had evaporated. In four minutes, therefore, the 
water had received an augmentation of temperature of 102^, or 40 
in each minute, by which it was carried up to its point of ebulli- 
tion ; calculating that the heat continued to enter the water at the 
same rate during the whole time of boiling away, he concluded that 
810° (or 40^ y 20) was carried off, and became latent in the 
steam. Dr. Henry contrived an apparatus by which the experiment 
may be made with much greater j)recision. It consists of a close 
boiler, with a thermometer, from which a bent tube proceeds, which 
may be made to dij) into a measured quantity of water in another 
vessel, and in which the steam may be condensed (46). Sup- 
posing the latent heat of steam to be 900°, a quarter of a pint of 
water raised to steam in the boiler, would, by rccondensation into 
watei*, raise the temperature of an equal quantity in the condenser 


(40) a is the copper boiler in which the measure of water is placed, 
d is a thermometer plunged into the same, c is a stop-cock, h is another 
stop-cock opening a communication with the bent tube, v f\ plunged 
beneath the surface of the measured water in another vessel, the tempe- 
rature of which is to be raised by the condensation of the steam. 
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900®, if it were possible, or what is equivalent to this, ten quarter- 
pints, 90®, which result is easily obtained. One gallon of water, 
converted into steam at the ordinary pressure of the atmosphere, 
will by condensation raise five gallons and a half of ice-cold water 
to the boiling-point. The best and most careful experiments agree 
in fixing the latent heat of steam between 900® and 1000°. 

§ 189. The latent heat of different vapours differs, as we 
have found the heat of fluidity to differ, in various liquids. The 
following is a Table of the latent heat of steam and some other 
vapours, by Dr. Ure: — 


Table XXI. Latent Heat of Vapours, 
Vapour of Water, at 212'^ . . 1000° 



Alcohol 


. 457 

99 

Ether 


, 312.9 

99 

Oil of turpentine 


. 183.8 

99 

Nitric acid 


. 550 

99 

Ammonia 


. 805.9 

99 

Vinegar 


. 903 


§ 190. The density of steam (/. e,^ the weight of a given 
volume) increases directly as its elastic force, upon the same pi’iii- 
ciplc that the density of air increases with the jjressurc to which it 
is exposed ; and the same weight of steam contains, whatever its 
density may be, the same quantity of heat ; its latent heat being 
increased in proportion as its sensible heat is diminished or absorbed. 
The principle admits of explanation by the following supposition : — 
Let us imagine that in a cylinder furnished with a ])iston, we have 
a certain quantity of steam, and that it is suddenly compressed by 
a stroke of the piston into half its bulk, without being reduced to 
the liquid state ; it would acquire double elasticity, and its tempe- 
rature would be increased. If we either su))pose the cylinder inca- 
pable of transmitting heat, or take the moment instantly following 
the compression, before any heat has had time to escape, it must be 
evident that the sensible and latent heat together, before the com- 
pression, are precisely equal to the sensible and latent heat, after the 
compression ; but in the dense steam the sensible heat is increased, 
and the latent heat diminished by equal quantities. Reversing this 
imaginary experiment, if we suppose only half the cylinder to con- 
tain steam at 212°, and the piston to be suddenly raised so as to 
double its volume, the density of course will be reduced to half, 
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and its temperature will fall ; but its sensible and latent heat toge- 
ther will remain unchanged. 

The fact was long ago experimentally determined by Mr. Watt; 
but the experiments of M.M. Clement and Desormes present us with 
the following more accurate results : — 

A certain weight of steam at 212°, 

condensed at 32°, gives out . . 180° Sensible heat. 

950 Latent. 

Ti^ 


The same weight at 250'' .... 218° Sensible. 

912 Latent. 
1180 


The same weight at 100° .... 68° Sensible. 

1 062 Latent. 
1130 


M. Despretz ascertained that the same law holds good with 
other vapours. 

§ 191. When water is converted into steam, it undergoes a 
much greater expansion of volume than any other liquid hitherto 
examined. It expands eight times as much as sulphuric ether, and 
nearly three times and a half as much as alcohol. Thus the vapours 
of ether and alcohol are heavier than that of water, although the 
former, in their liquid states, are lighter than the latter. The 
increase of volume which certain of the commoner lit^uids undergo, 
when converted into va])our of the ordinary elasticity of the air, is 
set down in the following Table : — 

Taiuji: XXII. Of the Increase of Volume from Vaporization 

1 cubic foot of water = 1689 cubic feet of vapour. 

1 cubic foot of alcohol = 493.5 „ 

1 cubic foot of ether = 212.18 „ 

1 cubic foot of spirits|^ _ ^^2 

of turpentine | ^ * ’’ 

§ 192. It has sometimes been hastily concluded, from the 
less latent and sensible heat of the vapours of alcohol, ether, and 
turpentine, that they might be used advantageously as generators of 
mechanical force, instead of the steam of water; but in this case 
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their comparatively small expansion has been overlooked. Their cost 
in fuel would be proportionate to the latent heat of equal volumes. 

Latent Heat. 

A cubic foot of water yields 1 700 cubic ft. . . =: 1000® 

A cubic foot of alcohol yields 493 cubic ft. = 457° 

And 493 cubic ft. : 457 :: 1700 : . . . 1575® 

A cubic foot of ether yields 212 cubic ft. = 312® 

And 212 : 312 :: 1700 : . . . 2500® 

A cubic foot of spirits of turpentine yields 

192 cubic ft =: 183° 

And 192 : 183 : : 1700 : . . . 1620" 

So that if alcohol, ether, and spirits of turpentine could be procured 
for nothing, it still would bo much cheaper to employ water for the 
generation of steam for the purpose of obtaining mechanical power. 

§ 193. A remarkable fact has been observed respecting steam 
of great elasticity, viz., that when suffered to escape suddenly from 
a cock or small aperture in the boiler, the hand may be held close 
to the orifice from which it is rushing violently, without being 
scalded by it, though common experience has taught most persons 
that steam of ordinary density scalds severely under similar cir- 
cumstances. A part of this diminution of temperature may be 
owing to the sudden expansion which the steam undergoes when 
released from confinement, and which probably absorbs a j)or- 
tion of the heat evolved during its return to the liquid state ; but 
its chief cause is its sudden and forcible ^mixture with cold air at 
its first rush. A large (quantity of air is thus violently drawn along 
with it in its course. Dr. Young long ago proved that a stream of 
air, or vapour, or smoke, issuing gradually into the atmosphere, 
penetrates further in an unbroken column than a stream issuing 
with violence ; in the latter case the elastic fluids become imme- 
diately mixed, from the violent action and reaction which takes 
place. 

The working of the steam-engine depends upon the elastic force 
of steam, communicated by heat, and the instantaneous annihilation 
of that force by cold. The first principles o^||^is machine are 
prettily illustrated by the simple apparatus of Drl Wollaston, which 
we have already described (§ 66). 

§ 194. Vapour, however, is not only formed from liquids at 
their boiling points under the pressure of the air, and at lower 
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temperatures when that pressure is lessened or removed, but is 
constantly rising from their surfaces in the progress of spontaneous 
evaporation. Common experience has taught every one that water 
evaporates into the atmosphere at all temperatures, however 1 om% 
and the same process takes place with other liquids. Dr. Faraday 
has, indeed, shown that vapour rises from mercury at common 
temperatures, at least from 6*0° upwards, although its elasticity is so 
very low, as not sensibly to depress the height of the mercurial 
column in the barometer. He placed some quicksilver in the bottom 
of a glass phipl, to the stopper of which he attached a piece of gold- 
leaf, which speedily became white, from the amalgamation of the 
gold w’ith the vapom* which rose. If live barometers bo prepared 
for the ))ui*pose, and a little water be thrown up into the air-free 
sjiace of the first, a little alcohol into the second, ether into the third, 
and sulj)huret of carbon into the fourth, each coluinu will be depressed 
by the clastic force of the vapour of each liquid at the existing 
toui])oraturc of the air ; and the amount of the depression may be 
determined by comparison wdth the column of the fifth barometer, 
into the vacuum of which no liquid has been introduced. The ten- 
sion of the vapours increases with the temperature, provided the 
whole space in which the}' are diffused be heated to an equal degree ; 
but by heating the licpiids, by the w^armth of the hand or otherwise, 
they may be made to boil, without increasing the elasticity of the 
vapours, which are condensed as soon as formed. I'he following 
Table exhibits the force and the weight of a cubic foot of steam 
at different temperatures : — 

Table XXII I. Of the Force and Weight of Steam at different 

Temperatures, 


Temperatures. 

Inches of Mercury. 

Weight of Cubic Foot. 



Grains. 

32“ 

0.210 . 

2.53 

1 40 

<).280 

3.23 

50 

0.400 

4.53 

6(> 

0.5G0 

0.22 

70 

0.770 

0,39 

80 

1.060 

11.33 

90ff^ 

1.430 

15.00 

212 

30.000 

257.218 


§ 195. Fivaporation to the same degree takes place under 
the pressure of the atmosphere, but is entirely confined to the surface 
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of the liquid, and is therefore proportional to the surface. If the 
surface of water be covered with oil, its evaporation is altogether 
stopped. In some places on the south coast of England, as in the 
Isle of Wight, sea-salt is obtained by allowing sea-water to evapo- 
rate spontaneously in large tanks ; the process is afterwards com- 
pleted by boiling down the brine which has thus been concentrated. 
In parts of Germany the same process is carried on with saline 
springs ; but the evaporating surface is largely increased by pump- 
ing up the water to a great height, and then suffering it to percolate 
through immense stacks of brush- wood faggots. Evaporation does 
not proceed so rapidly when the air is still as when it is agitated 
by a brisk wind ; and the more rapid the curlUnt of air the more 
rapidly, cwteris paribus^ does the water disappear. When the air is 
calm, the vapour as it forms rises perpendicularly, but rests upon 
the surface of the water ; and it is the pressure of its own vapour 
upon the surface of a liquid, and not the pressure of the gaseous 
atmosphere, which puts a stop to the process. 

§ 196 . The rate of evaporation increases also with the tem- 
perature, and the elastic force of the vapour given off, increases in a 
geometrical progression with equal increments of sensible heat. The 
following is a Table of the force of vapour at different tem))eratures, 
and the rate of evaporation per minute from a circular surface six 
inches in diameter, according to the experiments of Dr. Dalton : — 

Table XXIV. Of the Force of Vapour and Fate of Ecaporation 

per Minute, 


Temp. Falir. 

Force. 

Calm. 

Breeze. 

High Wiiifl. 


Ins. of Merc, 

Grs. 

Gre. 

Grs. 

212^ 

30.000 

120.00 

154.00 

189.00 

85 

1.235 

4.92 

6.49 

8.04 

75 

0.906 

3.65 

4.68 

5.72 

65 

0.657 

2.62 

3.37 

! 4.12 

55 

0.476 

1.90 

2.43 

2.98 

45 

0.340 

1.36 

1.75 

213 

35 

0.240 

0.95 

1.22 

1.49 

25 

0.170 

0.67 

0.86 

1.05 


These amounts of evaporation are, however, only maintained 
when the incumbent air is perfectly dry, when no vapour pre-exists 
in it. If vapour be already present, as is always the case in the 
atmosphere of this climate, the quantity capable of evaporating at 
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any given temperature will be the quantity indicated in the table, 
diminished by the quantity already incumbent upon the water. 

§ 197. Various instruments have been invented for mea- 
suring the quantity of vapour exis|;ing in the atmosidiere; or its 
relative degrees of dampness and dryness : they have been denomi- 
nated hygroscopes and hygrometers. Many of them, as already 
noticed (§ 88), are founded upon the property which certain sub- 
stances possess of imbibing vapour under the force of heterogeneous 
adhesion, and having their dimensions thereby altered. Uj)on the 
most celebrated of these, that of Do Saussure (fig. 2.3), an enormous 
amount of labour been bestowed both by its inventor and by 
M. Gay Lussac, to render the observations made with it compar- 
able like the degrees of the thermometer, and to calculate the real 
amount of moisture which the equal degrees indicated. But it is 
liable to considerable uncertainty in its construction, and infallibly 
becomes deteriorated by time ; its use has been discontinued except 
at the Paris Observatory, and more certain means have been substi- 
tuted for measuring the hygrometric state of the atmosphere. 

M. Le Hoi, and afterwards Dr. Dalton, adopted a very simple 
and accurate method of determining the elastic force of vapour at 
any time existing in the air. It is founded upon the w’ell-known 
property that the moisture of the atmosphere will condense itself 
upon the surface of a colder body in contact with it. 

When a bottle of wine is brought from a cool cellar, or a glass 
on a summer'’s day is filled with water fresh drawn from a deep 
well, it becomes dewed upon the surface. By pouring such cool 
water into another glass, then carefully di*ying the surface of the 
first, and returning it and repeating the operation as often as may 
bo necessary, the water becomes slowly warmer, and Dr. Dalton 
carefully marked with a delicate thermometer the temperature at 
which the dew just ceased to form, and this he appropriately deno- 
minated the dew-point. It is in ’fact the temperature of water 
which would yield vapour of the ])recise elasticity of that upon 
which the observation is made ; and all the relations of such vapour 
being known, the observation is applicable, with certainty, to the 
determination of every question that can be proposed concerning 
it.* Even in winter-time, or in very dry situations, a sufficient 
reduction of temperature may be produced in the liquid by the 
frigorific effects of the solution of salts, to produce the effect of pre- 
cipitation. The observation is rendered more precise by using 
small bright metallic vessels, upon the cool surf'ace of which the dew 
is most visible. 
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§ 198. To facilitate the observation of the dew-point the author, 
some years ago, contrived a hygrometer which has been extensively 
used in every part of the globe with certainty and advantage*. 
It consists of two small glass bulbs, connected together by a glass 
tube, bent twice at right angles in the manner of the cryophorus 
(fig. 44). A very delicate thermometer is enclosed in one bulb, 
which, being filled with ether, is heated till the vapour issues with 
full force from an aperture in the other, which is then hermetically 
closed. If the operation has been well performed, upon taking the 
bulb which contains the liquid in the hand, after it has cooled to 
the temperature of the siirrounding air, it will boil, ^. ^., vapour 
will be abundantly generated by the heat of the hand, which will 
be simultaneously condensed in the other cool bulb. The eni])ty 
bulb is then to be covered with a piece of fine muslin, and when 
ether is dropped upon it, the volatile liquid will evaporate and cool 
the covered bulb. This exterior evaporation >vill cause condensation 
of the vapour of the internal vapour, and the ether included in the 
further bulb will immediately begin to evaporate, and cool its exterior 
surface. The fall of the interior thermometer w^ill mark the degree 
of the falling temperature, which must bo noted as the dew-point, 
at the moment that a slight ring of dew, just coincident with the 
surface of the liquid, forms upon the glass. The temperature will 
still continue to fall some degrees, but a confirmation of the observa- 
tion may be obtained by observing the thermometer when it again 
begins to rise, and noting the degree at which the ring of dew again 
disappears. The two observations seldom differ more than a degree 
or two, and the mean may be depended upon as accurate : for the 
errors, if any, must lie in opposite directions (47). 

§ 199. By means of the dew-point accurately ascertained, 
many points of the utmost interest to chemical and meteorological 
science may be determined. 

By mere inspection of tables properly constructed, we can at 
once determine the elasticity and density of the aqueous vapour — 
its weight in a cubic foot of the air — the degree of dryness either 
upon the thermonietric or the hygrometric scale, and the rate of 
evaporation ; when the air is saturated, the precipitation is instan- 
taneous, ^., the dew-point coincides with the temperature of the 


(47) The two thin glass bulbs, a and are connected together by 
the bent tube, c. The arm, h c, contains the small thermometer, </, 

* Daniell’s Meteoroh(fical Essays^ p. 130, 



DANIELlV IlYGROMETEll. 


137 


air. In this country, the degree of diyness measured in thermo- 
metric degrees seldom reaches 30°, that is to say, the dew-point is 
seldom 30° below the temperature of the air, but in the Deccan, 
with a temperature of 90°, the dew-point has been seen as low as 
29°, making the degree of dryness Gl°. 

The more accurate mode, however, of expressing the moisture 
of the air from an observation of the temperature and dew-point, is 
by the quotient of the division of the elasticity of vapours at the 
real atmospheric temperature, by the elasticity at the temperature 
of the dew-point : for, calling the term of saturation 1000, as the 
elasticity of vapour at the temperature of the air is to the elasticity 
of va])Our at the temperature of the dew-point, so is the term of 
saturation to the observed degree of moisture. Thus, with regard 
to the observation in the Deccan, 

1.430 : 0.194 :: 1000 : 135. 

The fourth term is the degree of moisture on the hygroinetric scale. 

§ 200. There is another method of estimating the opposite 
states of dryness and moisture, and that is by measuring the degree 
of cold produced by evaporation. Water does not evaporate at all 
when the air is saturated with moisture, /. when the incumbent 
steam is of the full force of that which is duo to the temperature ; 
and the freedom with which the process proceeds at other times is 
in ])ro])ortion to the dryness of the air, that is to say, to the differ- 



wliose elongated bulb descends be- 
low the surface of the ether in the 
bulb, b. 

The bulb, <7, is covered with 
a piece of muslin. The stand, 
g /i, is of brass, and the transverse 
socket, ?, is made to hold the glass 
tube in the manner of a spring. A 
small thermometer, /*, is inserted 
into the pillar of the stand for the 
purpose of comparing the temperature 
of the air with that of the dew-point. 
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ence of the force of the existing vapour and that which might 
exist at the temperature of the air. Dr. Hutton was the first to 
propose the observation of the depression of temperature caused by 
wetting the bulb of a thermometer as a measure of the rate of 
evaporation, and consequently of dryness. Sir John Leslie after- 
wards adapted a diiferential thermometer to the purpose : his hygro- 
meter consisted of a delicate air-thermometer, one of the bulbs of 
which was covered with muslin and was kept continually wet by the 
di*opping of water from a vessel by its side. A scale was adapted 
to it, to divide the space which the liquid was depressed by extreme 
dryness, into 1000 equal parts. 

These degrees are arbitrary, and the depression is more simply 
expressed in degrees and fractions of a degree of the tlioniiometric 
scale, and there are many adaptations of the thermometer for facili- 
tating the observation. The method is decidedly superior to the 
hygroscopes already referred to, as correct data may probably bo 
derived from it for calculating the dew- 
point and the degrees of saturation; but it 
requires corrections from calculation, for 
variations of temperature, pressure, &c., 
upon Avhich philosophers and mathema- 
ticians are not yet agreed (48). 


(48) The most convenient apparatus for 
making tliis observation, is the contrivance of 
Dr. Mason. Upon the stand M is fixed an up- 
right rod of brass, J\ supporting the scale .t j, 
ill the middle of which a space is left to re- 
ceive a glass tube, a, formed on the principle 
of the bird-fountain, having on each side of 
it a thermometer, h h. The bulbs of these 
thermometers are co^red with white silk, but 
round the stem of one, a thread of floss-silk, c, 
is attached, which terminates in the cup of 
the fountain, c. This bulb being thus in con- 
nexion with a reservoir of water, is kept wet 
by capillary attraction ; and as evaporation is 
constantly taking place, its temperature is 
reduced below that of the other bulb. 




OSOILLATIONj^ of the BAllOMETEK. 


139 


§ 201 . This property with which water has been endued, of 
spontaneous evaporation at all temperatures, even below its freezing 
j)oint, is one of the most important in the whole economy of nature : 
for upon it the growth of plants and the existence of all living 
creatures upon the earth depends. The vapour thus rising con- 
tinually, not merely from the surface of the sea, lakes, and rivers, 
but also from the land in different states of moisture, is again con- 
densed in the u])per regions of the atmosphere, and falls in the state 
of hail, rain, or snow. liestored to the liquid state, it penetrates 
into the strata of the earth, and makes its way out again in springs : 
these collecting together constitute rivers, which, under the force of 
gravitation, descend to the sea, and complete the grand process of 
distillation and circulation. 

The ultimate processes of evaporation and condensation tend 
also to that distribution of heat over the globe which we have 
already noticed as so essential to the well-being of the organic 
creation. Heat is thus carried in its latent state to the ir)')per 
regions of the atmosphere, and is there given out in its free state by 
the condensation of the steam; and upon this silent and never 
interrupted process mainly depend the fluctuations of the aerial 
ocean, which tend so greatly to its salubrity, and which produce the 
observed variations of the barometer. 

§ 202. The cause of these perpetual oscillations has long 
be(?li a subject of investigation with philosophers, and many erro- 
neous explanations have been given of the phenomena. The 
problem, in all its generality, is difficult and complicated, and may 
scarcely, perhaps, be deemed to belong to the dej)artnicnt of che- 
mistry. Without, however, going into the details which belong to 
meteorological science, it is desirable that an accurate notion should 
be formed of the true cause of the barometric changes, to which 
such constant reference must be made in many of the most impor- 
tant chemical operations. It has already been pointed out (§ 167.) 
that, owing to the unequal distribution of heat upon the surface of 
the globe, and the gradual decrease of temperature from the equator 
to the poles, the elastic fluids of the atmosphere must perpetually 
circulate between the colder and the hotter points; flowing from 
the former to the latter on the surface of the earth, and returning 
from the latter to the former in upper opposite currents. Now it is 
clear that, if such be the fact, the barometer weighs the pressure of 
these two combined currents at any given point ; and so long as they 
balance one another, that is to say, so long as an equal quantity of 
air is brought by one stream to the base of the perpendicular column, 
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to that which is carried off by the opposite from its summit, so long 
will their combined pressure be unchanged. But should any cause, 
partially acting, check the course of one, without at the same time 
impeding that of the other, the balance will bo destroyed, and the 
barometer, by its rise or fell, will mark the amount of the disturb- 
ance. Owing to various causes, but chiefly to the unequal distribu- 
tion of water and land, the course of the winds is by no means so 
regular as assumed above, but this grand system of compensating 
currents certainly results, although masked by circumstances in 
particular regions ; most of these, however, give rise to minor 
systems of compensating currents, to which, as concerns the baro- 
meter, the same remarks will a])ply. Any one, indeed, may con- 
vince himself that such systems prevail in the atmosphere, by 
watching the progress of the clouds ; and in this way he will often 
be able to detect more than tw^o such currents existing together. 
Now, while he is observing their courses, let him for a moment 
suppose that the barometer is ])erfectly stationary, and then let him 
imagine one of the streams of air before him suddenly checked ; 
the others will continue to flow on for a time in their primary direc- 
tion from their inertia, and in obedience to their original impulse, 
and the barometer, he will conceive, must fell, because more air is 
carried off above it than is compensated by the current which origi- 
nally maintained the balance; and as a deficiency may be thus 
])roduced in one part of the atmosjdiere, an equivalent accumulation 
must at the same time result in some other part (4.9). 


(49) Let a h c r/, in the annexed diagram, represent two currents 
flowing in tlie opposite directions, indicated by the darts : a barometer 
placed ill the lower at g, will support the pressure of both, and 
remain without oscillating so long us the two currents remain unchanged. 
But if a partial expansion affecting the upper current alone should urge 
it forward on its course on one side, and check it on the other, an 
accumulation of the nature of a wave would take place at and a cor- 
responding deficiency at o, as indicated by the curve a and would be 
accompanied by a rise of the barometer at g, and a corresponding fall at f. 
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A cause, quite competent to produce these partial effects, exists 
in the atmosphere of steam mingled with the atmosphere of perma- 
nent -gases, and which is constantly rising from the surface of the 
earth varying in force with the temperature of the waters from 
which it emanates. This vapour rises unchanged and transparent 
till, in the gradually decreasing temperature of the air, it arrives in 
the upper regions at a degree of cold by which it is condensed, and 
becoming visible, assumes the form of clouds. In the act of con- 
densation, however, an immense quantity of heat is set free, which 
was previously combined with the steam in the latent form ; and 
this acting upon the surrounding air, whose capacity for heat is 
small, expands it, and gives an additional but unequal impulse to 
the current in which the process takes place. The clouds, again, 
are themselves subject to a new evaporation, and the vapour is 
carried to still higher regions, where another precipitation takes 
])lace ; till at length large masses of the atmosphere have the natural 
progression of their temperature changed, and their currents altered, 
or perhaps reversed, 'i'hc increased temperature of the air is accom- 
jmnied by a great increase in the force and quantity of the steam, 
the final precipitation of which takes place in the form of rain^ and 
the atmosphere returns to its mean state through the influence of 
winds which restore the original balance. The order of the pheno- 
mena corresponds with tlie facts that the barometer is most steady 
when the weather is clear, and fluctuates most with clouds and rain ; 
and also explains the reason why, in the greater disturbances of 
the aerial ocean, local deficiencies of the clastic fluid are restored 
by winds whose force is generally proportioned to the vacuum 
which they supply * . 

§ 203. The practical operations of chemistiy often require a 
correction to bo applied to the volume of gases for moisture, as well 
as for variations of pressure and temperature ; for when standing over 
water they become mixed with aqueous vapour in a ])roporfcion 
dependent upon the temperature, and occupying the same space as 
when the gas is absent. The elastic force of the \'a 2 J 0 ur causes the 
gas to expand ; but this expansion is not ])recisely similar to that 
occasioned by heat : for while it dilates its l)ulk, it adds its own 
weight to the mixture. By reference to tables founded upon cal- 
culation upon the force and density of steam at different tempera- 
tures, the amount of the correction may be easily ascertained ; or 
it may be more instructive to calculate it from the following data. — 
Suppose we found 100 cubic inches of a gas saturated with 

* Danielles Meteorological Essays^ p. 659. 
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vapour properly corrected for the temperature of 60°, and 30 inches 
pressure to weigh 31 grains, and wished to know the equivalent 
bulk and weight of the dry gas. The observed volume is partly 
due to the expansion occasioned by the vapour ; and this portion 
will be in the same proportion to the whole as the elasitcity of the 
vapour is to the total elasticity: therefore, 

Cub. lo. Cub. In. 

30.000 : 0.660 : : 100 : 1.86; 

the volume of the dry gas is, therefore, 

Cub. In. 

100— 1.86=98.14. 

Now this expansion of 1.8() cubic inches may be regarded as so 
much vapour of tlic same elasticity as the air diffused through the 
whole space, and as the specific gravity of such steam compared to 
air is 0.620 : 1 .000 ; 

Grs. Grs, 

then 1 : 0.620 : : 31 : 19.22 (100 cubic inches steam). 

Cub. In. Gru. Cub. In. Gr. 

and 100 : 10.22 : : 1.86 : 0.3.5; 

whifch gives the weight of the vapour to lie deducted from the total 
weight : making the weight of 98.14 cubic inches of dry air, 

31. -0.36, or 30.66. 

§ 204. Aerial fluids are commonly distinguished into two 
classes, viz., va])ours and gases ; but tho experiments of Dr. Faraday 
have nearly annihilated the distinction, and proved that the differ- 
ence is one of degree only, and not of constitution. In vapours, 
strictly so called, such as the steam of water, the latent heat is 
retained in combination with very little force ; for it abandons the 
water when the vapour is exposed to a lower temperature ; but in 
gases, the heat of composition is retained very forcibly, and no dimi- 
nution of temyjerature that has ever been produced can separate it 
from some of them. Dr. Faraday has, however, succeeded in 
reducing to a liquid state many of those substances which till very 
recently were considered as permanently elastic fluids. His method 
is to generate them under strong pressure, by confining tho sub- 
stances from which the gases are evolved in strong glass tubes, in 
which their elasticity is allowed to increase till it forces their 
particles within tho verge of cohesive attraction, when they assume 
the form of liquids. This operation he further assists by tho 
application of cold mixtures to the exterior of one extremity of the 
tube. When thus produced, they continue liquid while the pres- 
sure is kept up, but on removing the pressure, instantly pass 
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into the gaseous state. The same condensation may also he pro- 
duced by mechanical force, and considerable quantities of carbonic 
acid have been thus reduced to the liquid state by Mr. Brunei, 
with the view of applying its expansive power as a mechanical 
agent. The cold produced by the sudden evaporation of these 
liquids is so great as actually to preserve some of the substances in 
their liquid state under the mere pressure of the air, and carbonic 
acid has been even frozen by the cold produced by its own sponta- 
neous evaporation. Mr. Brunei was the first to observe this fact, 
and the loss of elastic force thus occasioned was, it is believed, the 
cause of giving up the attempt to construct a gas-engine. 

§ 205. More recently, some very interesting results have 
been obtained by M. Tliilorier, who has ascertained that the expan- 
sion of liquid carbonic acid for every degree of heat exceeds that of 
the acid in the gaseous state even by four times, and the pressure 
of the vapour from 32° of Fahrenheit to 86°, rises from 36 to 73 
atmospheres. 

A jet of liquid carbonic acid sinks the thermometer to 130° 
Fahrenheit below O'". 

It has little capacity for heat, and from its want of conducting 
power, its cooling eflects alone do not coiTesi)ond with the depression; 
but wlieii mixed with vapour of ether, M. Tliilorier succeeded in 
forming a cold blow-pipe, which froze 800 grains of mercury in a 
few seconds. 

§ 20(). A gas, then, may be regarded as the vapour of a 
liquid whose elasticity, at ordinary atmospheric temperatures, is such, 
that it is not only equivalent to the pressure of the oi dinary atmo- 
sphere but to that of many atmospheres, and which would there- 
fore boil under the jiressure of many atmospheres, and cannot con- 
sequently be jireserved excejit under artificial pressure. The pressure 
required to condense the several gases is recorded in the following 
Table : — 


Taiu.e XXY. 

Liquefaction of (iasvs. 

Pressure in Toniporature, 

Atmospheres. Fa Iirenl lei t . 

Sulphurous acid 

. 2 

45^ 

Chlorine 

4 

60 

Cyanogen 

4 

60 

Ammonia 

6^ 

50 

Sulphuretted hydrogen 

17' 

50 

Carbonic acid 

36 

32 

Muriatic acid . 

. 40 

50 

Nitrous oxide 

50 

45 
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Many gases have hitherto resisted the utmost degree of com- 
pression and cold to which it has been practicable to expose them, 
but from the generality of the law, its universality is a legitimate 
deduction ; and geologists are justified in speculating upon the 
existence of the atmospheric gases themselves in a state of liquidity, 
in the fathomless depths of the earth, under the enormous pressures 
to .which they must there be necessarily exposed. 

Some gases, however, though incoercible, or requiring very high 
degrees of force to coerce them, by mechanical means and cold, 
instantly yield to the force of heterogeneous adhesion, and as they 
become dissolved in water, gh’^e out their latent heat. Thus, if a 
current of muriatic acid gas be passed into water, it will be rapidly 
absorbed, and the temperature of the solution will rise considerably. 

§ 207. We have seen that water and other liquids gradually 
expand in volume with increase of temperature, ^d that, on the 
other hand, steam and other vapours rapidly increase in density, as 
the pressure and temperature, to which they are exposed, augments ; 
whence it is clear that, at some particular assignable point, the 
liquid and elastic states must coincide, and that there must be a 
limit beyond wliich a liquid, notwithstanding the pressure, ought 
to bo wholly volatilized, or become gaseous, provided sufficient space 
1)0 allowed for the expansion. M. Cagniard do la Tour, reasoning 
upon the general facts, was led to make some interesting experi- 
ments iij)on the subject. A strong glass tube, containing alcohol 
equal in bulk to about two-fifths of its capacity, being hermetically 
sealed and carefully heated, the alcohol was observed to expand, till 
after having attained nearly double its original volume, it suddenly 
disappeared ; being converted into vapSl^ ,60 trans])arent, that the 
tube appeared to be completely empty. Allowing it to cool, the 
alcohol was again suddenly converted into the full volume of liquid. 
AVhen the proportion of alcohol to the ca])acity of the tube was 
increased, the cohsequenco was the bursting of the tube. Similar 
results were obtained with naptha and ether, the latter requiring 
less space than the former for assuming the complete elastic state, 
and the naptha less sj)ace than alcohol. 'J'ho ether became gaseous 
.at a temperature of 320'’, and exerted a pi'cssiire of 38 atmospheres ; 
alcohol at 4014" under a pressure of 12,0 atmos])lieres. 

TTj)on trying the experiment with water, the glass tube broke 
from its solvent power at the high temperature : but when this 
action was prevented by the addition of a little carbonate of soda to 
the liquid, it became gaseous in a space four times its volume at the 
temperature at which zinc melts. 
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§ 208. We have hitherto considered heat as inseparable to 
matter, — differing, however, from other forces in its slow progression 
amongst its particles, — ^tending, indeed, to an equilibrium, but still 
capable of existing in various degrees of intensity in different parts 
of the same mass. Differing, again, in the latent and apparently 
inactive state in which it becomes stored up in various forms and 
kinds of matter, and from which, though temporarily lost to our 
sensation and to our instruments, it may be again set free in full 
measure and proportion. 

We have now to contemplate this subtle agent, detaching itself 
from matter, and projecting itself through space, and through various 
kinds of matter, with a velocity almost inconceivable. 

We recognise heat in this wonderful state from the effects of a 
fire, or a heated body, at a distance. The warmth which we feel, 
or the expansion Avhich we may observe under such circumstances, 
cannot be communicated by any material particles ; for we may so 
contrive the experiment, that the air, the only form of matter w’hicli 
intervenes, may flow towards its source instead of from it. 

It is also by this now property of radiation^ that heat tends to 
that state of equilibrium which, upon a former occasion, we found 
to be partially established by the processes of conduction and con- 
nection. 

But we recognise it in greatest perfection as projected from 
the sun : in which case it is accompanied, in all its affections, by 
another active influence of a still more marvellous constitution, 
which we call lioht. These two constant associates of the sun- 
beam radiate in all direction from the glorious centre of our system, 
and spread themselves |^^gh space with an intensity decreasing 
like that of gravity as of the distance. 

Though associated toj^ther, however, these radiant forces are 
not inseparable : and before we proceed to investigate the laws of* 
radiant heat^ it will be most convenient to illustrate those of light, 
with which they are connected by the strongest analogies. 

Light. 

§ 209. The cause of that impression upon our eyes, which 
excites in us the sensation of light, is like that of heat, to be 
traced to various sources. The sun is the great fountain, not 
only of heat, as we have already remarked, but of this twin 
emanation from it to the earth, and to all the members of the solar 
system. 

It emanates, also, from terrestrial matter in different states of 

L 
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activity. It is thrown off W’^hen certain homogeneous substances act 
upon one another by the mechanical force of friction ; thus when two 
pieces of quartz or rock-crystal, or two lumps of loaf-sugar, are 
rubbed together, they emit flashes of light in a dark place. 

It is generated in still greater abundance when heterogeneous 
bodies act upon one another under the force of chemical affinity ; 
and all the common means of artificial illumination by lamps, candles, 
and gas-lights, are dependent upon this action. 

All solid bodies, also, heated to a temperature of about 800°, 
begin to shine in the dark ; and if a current of air at 900°, which is 
in itself nonluminous, bo made to strike upon pieces of metal, earth, 
&c., it will speedily communicate to them the power of radiating 
light. 

The passage of electricity excites it with a degree of intensity, 
only surpassed by that of the solar ray: and the processes of life 
are capable of evolving it as we see in the glow-worm and the 
fire-fly. 


210. Bodies in such state of action are called self-luminous ; 
but by far the greatest number possess no such property at ordinary 
temperatures. All bodies, however, though not luminous in them- 
selves, nor capable of exciting any sensation in our eyesj become so 
on being placed in the presence of a self-luminous body. When 
a lamp, for instance, is brought into a dark room, not only the 
lamp is visible, but all the other objects in the room. A sunbeam, 
again, admitted into a darkened chamber, will only illuminate 
objects directly in its course ; but if any of these be white, as 
a sheet of paper, the whole apartment will become illuminated by 
this secondary action or radiation. We have this fact illustrated 
on the most splendid scale of nature, in the heavenly bodies. — The 
•sun we have just recognised as the great self-luminous source of the 
system : the moon and planets possess no such inherent energy ; 
but those parts of them on which the sun shines become for the 
time luminous, and perform all the offices of self-luminous bodies. 
Thus we perceive that the communication which we call light 
subsists not only between luminous bodies and our eyes, but between 
luminous and nonluminous bodies, or between luminous bodies and 
each other. 

§ 211. The investigation of the properties of light constitutes 
the peculiar province of optics; one of the most splendid and 
perfect departments of experimental science which the human 
mind has explored ; it lies, however, almost wholly out of our 



VISION. 


147 


present path ; but, in its relation to different forms and kinds of 
matter, light ought not to be excluded from the chemist's con- 
templation, and it is absolutely necessary that he should have 
some acquaintance with the laws- which govern its action. 

The phenomena lend themselves so completely to mathematical 
investigation, — they have afforded such ample scope for the exercise 
of the most splendid talents, from the times of Newton and Euler to 
our own times of Herschel, Airy, and Brewster, — that it seems almost 
sacrilege to approach them by any other path. But still the basis 
of this science, as of all other branches of natural knowledge, must 
be experiment ; and those who are but moderately conversant with 
the powerful resources of abstract science have it in their power 
to draw information from this source, and methodise it in such 
a way as may serve to embody definite, though it may be rude, 
ideas, with regard to this most beautiful of all natural agencies, — 
ideas which may be highly useful, though they may differ from the 
polished conceptions of such men as those to whom wc have just 
referred, much in the same degree as light itself differs from the 
grosser forms of ponderable matter. 

§ 212. It is not consistent with our present design to enter 
upon the physiological relations of the subject, or to describe the 
wonderful construction of the organ of sight ; we will only remark, 
that the radiant force produces the sensation of light by striking 
against the expanded nerve of vision, the retina of the eye, and that 
the effect produced is not merely transient, but persistent during 
a measurable interval of time. The eye has therefore the power 
of retaining visual impressions for a sensible period of time ; and in 
this way recurring actions, made sufficiently near to each other, are 
perceptibly connected, and made to appear as a continued impression. 
Hence it is that the act of winking with the eyelids forms no impe- 
diment to correct vision. 

It has been ascertained by experiment that the impression which 
the mind thus receives lasts for about the eighth part of a second ; 
so that any point of light revolving with a velocity sufficient to 
complete the circle within that time, will not be seen as a fiery 
point, but as* a fiery circle ; the impression made by it in every part 
of its revolution, will remain until it comes round again to the spot 
from which it set out. Thus, if a narrow iSit be cut in a circle 
of pasteboard, from the circumference to the centre, and it be held 
before the eye, and made to spin rapidly upon its axis, objects will 
be seen through it as if it were wholly transparent, and only covered 
with a thin gauze. Many familiar appearances are explicable upon 
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the same principle, and, amongst others, the magical eflfects of firei- 
works, in which revolving jets of flame produce the impression of 
continuous wheels of fire. Several beautiful illustrations of it have 
also lately been contrived in the form of toys, which are well calcu- 
lated to excite wonder, and it is to be hoped a somewhat more 
rational curiosity with regard to their construction. 

§ 213. There are two hypotheses with regard to the nature of 
light, which have hitherto divided the opinions of philosophers. 

The hypothesis of emission supposes that light consists of a 
highly attenuated fluid, the particles of which are not affected by 
gravity, but are endued with a jirodigious self-repulsive force, and 
are actually projected from luminous substance in right lines, with 
inconceivable velocity. We seem to form some notion of matter in 
such a state when we contemplate the direct rays of the sun. The 
rectilinear course of the light is shown by particles of floating dust, 
or minute drops of water, which are illuminated in its course, and 
mark the unvarying direction of its progression. 

In the hypothesis of undulation^ on the contrary, the whole uni- 
verse, including the interstitial spaces of all matter, is conceived 
to be filled with a highly elastic, rare medium, which possesses 
the property of inertia, but not gravitation, to which the name of 
ether has been given. This medium is not light, but light is 
produced in it by the excitation on the part of luminous bodies 
of an undulatory motion, analogous to the waves of water, or those 
vibrations of the air which produce the impression of sound upon 
the ear. 

§ 214. And here it is quite necessary to correct any 
erroneous judgment which may have been formed from careless 
observation of the manner in which force propagates itself in 
bodies which are capable of this kind of oscillation. A wave 
does not consist, as is often hastily supposed, of any advance or 
progression of the particles of which it is composed in the direction 
in which they appear to run ; the particles, it is true, move, but in 
a direction transverse to their apparent motion. In contemplating 
the phenomena in a still sheet of water, the force of a falling pebble, 
or the slightest brush of a summer’s insect, will be sufficient to 
excite a system of waVes spreading from the impinging body as from 
a centre. Certain particles are at first forced down, and the 
surrounding particles are consequently heaped up above their level ; 
this circular ridge subsides, but not only fills up the original depres- 
sion, but, from its momentum, forces up another ridge exterior 
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to it, and this, in subsiding, another, and so on ; and thus the 
force is propagated, and advances from the centre with a decreasing 
energy. 

Vibrations are propagated through elastic bodies upon exactly 
the same principle, only that it is the force of elasticity which, 
by its alternate action and reaction, produces the oscillating wave, 
instead of the momentum of the liquid particles. 

The analogy between the supposed undulations of the ether, which 
produce light, and those of the grosser particles of our ponderajhle 
atmosphere, which produce sound, is so striking, that the undulatory 
theory has received some of its happiest illustrations from experi- 
ments conducted by means of the measurable vibrations of musical 
notes. 

The direct propagation of light finds its parallel in the propaga- 
tion of sound along a solid clastic medium. Professor Wheatstone 
has shown, in a most beautiful series of experiments, that when 
a tuning-fork (fig. 12) is placed at one extremity of a long con- 
ducting-rod of metal, glass, or wood, while the other communicates 
with a sounding-board, the sound is heard as instantaneously as 
when it is in immediate contact with the board ; it immediately 
ceases when the rod is removed from the sounding-board, or the fork 
from the rod. The vibrations are inaudible in their transmission, 
and only become sensible at the point where they are multiplied by 
meeting with a sonorous body placed to receive them. All the 
varieties of tune, quality, and audibility, and all the combinations 
of harmony, from different musical instruments, may be thus trans- 
mitted unimpaired, and again rendered audible by communication 
with an appropriate receiver. We must, however, do no more than 
indicate the existence of an analogy, the full development of which, 
though eminently interesting, would lead us too far from our present 
purpose. 

§ 215. A ray of light then consists, according to the first 
hypothesis, of a line of particles projected from the luminous body, 
and impinging upon the eye ; according to the second, of a series of 
undulations excited by the luminous body which reach the eye, and 
produce the sensation of light by corresponding vibrations of the 
optic nerve. 

An assemblage of a number of such rays, proceeding together in 
the same direction, is called a pencil of rays. 

Having premised thus much upon the hypothetical views of the 
nature of light, we will proceed to examine the phenomena, and the 
laws by which they are governed, with as little regard to hypothesis 
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as possible ; and we shall speak of a ray of light as of a radiant 
force, without reference to its nature, and the mode of its pro- 
pagation. 

§ 216. Light requires time for its propagation; but the 
rapidity with which it travels is so great as to be absolutely insen- 
sible in such distances as occur on the surface of the earth. It is 
only when we direct our observations to the celestial bodies, whose 
distances from us are commensurate wdth its velocity, that we can 
appreciate the fact. Astronomy has proved, by the most unexcep- 
tionable calculations, that its progress is at the rate of 195,000 miles 
in a second of time — a velocity which transcends all comprehension; 
and it is only by reflection, and a comparison with more familiar 
phenomena, that we can form some conception of it. 

‘‘A cannon-ball would require seventeen years at least to reach 
the sun, supposing its velocity to continue uniform from the moment 
of its discharge; yet light travels over the same space in seven 
minutes and a half. The swiftest bird, at its utmost speed, would 
require nearly three weeks to make the tour of the earth ; light 
performs the same distance in much less time than is required for 
a single stroke of its wing 

§ 21 7. The first relation of light to ponderable matter, which 
we shall notice, is, that most bodies possess the property of inter- 
cepting it in its progress, whilst a few allow it to traverse their 
substance. Hence the distinction of bodies into opaque and trans- 
parent or diaphanous. The light of the sun, or of a lamp, freely 
reaches us in straight lines, through a plate of glass, but is wholly 
excluded from our eye by the interposition of a plate of metal. 

An opaque screen interposed between a luminous body and a 
sheet of paper, or other object, casts wdiat is called a shadow upon 
such object, and the shadow is similar in figure to the section of the 
body which produces it ; and hence we learn that the rays of 
light are transmitted in straight lines. The luminous rays are 
cut off by the body of the screen, and being prevented from 
falling upon the object behind the surface, exactly coincident 
with its boundary, remain in a state of darkness; but they con- 
tinue their course beyond its edge, and illuminate the surrounding 
space. 


§ 218. The law of the decrease in proportion to the squares 
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of the distances, may be experimentally proved by means of the 
shadow of an object; for a board of a foot square, at a certain 
distance from a light, just shadows a board of two feet square at 
double the distance, and the latter has four times as much surface 
as the former ; i. the light which is concentrated upon the first 
board would be diffused over four times the space, if suffered to fall 
upon the second. (See fig. 1.) 

An accurate photometer, or measure of light, is still a desidera- 
tum of science. A very simple method of comparing two sources 
of illumination, was suggested by Count B-umford. They are so 
arranged as that each may cast a shadow of some object, as a stick, 
upon a plain white surface; the eye can then form a tolerable 
judgment of the relative darkness of these shadows. The brighter 
light, which casts the deepest shadow, is then to be removed, or the 
weaker to be approached, till the two are equalized, and the distance 
of the two lights from the object which intercept their rays being 
measured, the relative intensity of the lights will be as the squares 
of the distances. In this case the shadow of one light is illuminated 
solely by the rays of the other, while the surroundings space is 
illuminated by the rays of both ; when the shadows, therefore, are 
equal, the lights are equal. The eye, however, is not much more 
to be depended upon for an estimate of light than the hand is 
for the weight of an object presented to it, particularly when any 
difference of colour may tend to perplex the judgment. 

§ 219. When a pencil of light traverses space, or a perfectly 
homogeneous medium, its course is rectilinear, and its velocity 
uniform; but when it encoiidters an obstacle or a different medium, 
it undergoes certain modifications, of the nature of which we must 
endeavour to form some distinct notions. 

It separates itself into several portions which pursue different 
courses, and are otherwise differently modified. One of these por- 
tions is regularly reflected or turned aside, and after reflexion 
pursues a course wholly exterior to the obstacle or new medium ; a 
second portion penetrates the medium, and is more or less refracted 
or bent out of its original direction ; a third portioi^ is absorbed or 
lost; and a fourth portion is repelled from the surface, and radiates 
itself in all directions. 

§ 220. The primary law of reflection is, that the incident 
and reflected rays, which are always in the same plane, form equal 
angles with a perpendicular to the surface at the point of incidence. 
It is generally thus enunciated, — the angle of reflection is equal to 
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the angle of incidence (50). This is the same law which governs 
the collision of matter moving under the influence of mechanical 
force ; whether that motion bo of a solid, direct in space, or of a 
liquid propagating by waves. 

If we admit a small sunbeam into a darkened chamber, and 
receive it on a plane polished surface of glass or metal, we may 
easily convince ourselves of the fact by the measurement of the 
angles. Moreover, to see the image of any object by reflection, it 
is necessary to place the eye in a situation to receive the rays which 
proceed from the object at the same angle arwhich they originally 
strike the observer. 

The greater the angle of incidence, the more light is reflected 
from all substances, except the metals which reflect the greatest 
quantity of light at small angles. Even the rough surface of a 
plaister of Paris cast, or a sheet of hot-pressed writing paper, will 
afford a very perfect image of an object at a very large angle. 

§221. All known substances, not e^j^cepting air, the most 
diaphanous of all, reflect some portion of light, and it is calculated 
that a person plunged 150 feet in the clearest sea, would find the 
light of the sun no more than the light of the moon ; and if we 
look at a luminous object through a transparent ])iece of glass, wc 
shall find that the object becomes dim in exact j)roportion to its 
thickness, so that there is no such thing in nature as perfect trans- 
parency. On the other hand, there is reason to suppose that no 
body possesses the property of perfect reflection ; for light penetrates 
in an inappreciable quantity into the surface of all bodies, and even 
into gold itself, as it is easy to be assured of, by holding a piece of 
leaf gold between the eye and any strong light, when it will be 
found to be permeable to bluish rays. 


(50) Let m be a reflecting surface, and r a ray of light impinging 
upon it, in a perpendicular direction from r to ?w, it will tlien be reflected 

ill the same direction, and return from m 
to r. If the ray of light fall upon ?w, in the 
direction a w, it will he reflected from 
^ mXoh ; the angle of reflection, r m 5, 
measured from the perpendicular, r w, 
being equal to the angle of incidence, 
r m a, measured from the same perpeii- 
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§ 222, Light may be so reflected from regular curved concave 
surfaces, that all the rays may converge to one point or focus. In 
this case, the direction of each reflected ray is the same as if it 
had taken place from a plane surface, tangent to the curve at the 
point of incidence (51). 

§ 223. When a ray of light is admitted into a darkened 
apartment, it may be almost wholly turned aside by reflection from 
a metallic mirror, in any direction according to the angle at which 
the mirror is presented to it. If it then be made to fall upon 
any object, it will affect that object as the original ray ; one part 
will be absorbed or extinguished, another reflected, and a third 
will be irregularly repelled or scattered : it will assume a state 
of secondary radiation. It is this portion which renders an 
object visible in all directions. This scattered light falling upon 
other bodies is again reflected and dispersed from them, and makes 
all of them also visible, although in a less degree because of the 
partial absorption which is constantly taking place, and the whole 
apartment is lighted. No such general lighting is produced by 
regular reflexion from the mirror, and the effect depends upon the 
nature of the body on which the rays fall. If it be upon a sheet of 
white paper which absorbs but little, the apartment will be well 
lighted, but if upon black velvet which absorbs nearly the whole, 
the apartment will remain dark. 

This property is of the utmost importance to vision ; it is pos- 
sessed in various degrees by all bodies on the earth, and very 
remarkably by the atmosphere which surrounds it. By these means 
the light derived directly from the sun is diffused, and that milder 
radiance maintained, which is so agreeable to the eye, and which 
renders objects visible when the sun’s direct rays do not fall upon 
them. But /or this, indeed, all bodies shaded from the sun 
would be pei-fectly dark or black, that is, totally invisible f and 
without an atmosphere, the sun would appear a blazing -orb in a 
black sky. On lofty mountains, when half the atmosphere is below 
the level of the observer, it is w^ell known that the suifs rays are 


(51) Let I K represent the polished concave 
surface of a segment of a sphere ; the pencil of 
parallel rays, c d, will be reflected from it, accord- 
ing to the law, so as to meet at the focus f, where 
they will also cross one another, and pass on in the 
same direction to d c. 
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painfully intense, and the sky is of the darkest hue, almost approach- 
ing to black. 

§ 224. When a pencil of light falls on the surface of any 
transparent uncrystallized medium, as water, a portion of it is 
reflected, and another portion, which serves to make the surface 
visible, is scattered in all directions ; the remainder penetrates 
the medium and pursues its course within it. If it enters it perpen- 
dicularly, it passes through in a straight line ; but if at an angle, 
it is bent from its course, and is said to be refracted. In the 
reflection of light, the law, as far as regards the direction of the 
reflected ray, is the same for all reflecting substances : in refraction 
it is otherwise, and each different mediuna has its own peculiar 
action on light ; some turning a ray incident at a given angle, 
more out of its course than others (52). 

The degree of bending, or refraction of light in traversing a 
transparent medium, is ascertained by comparing the obliquity of 
its approach to the surface, with the obliquity of its departure after 
passing, and the ratio of these two angles when light passes from 


(52) If in this diagram, we suppose a ray of light shot from 
a to c, to penetrate the surface of a piece of glass, g A, it would reach 
directly across to h ; but if the ray fall obliquely, as from d to c, then 
instead of continuing its course to i and A*, it will at the moment of its 

entrance be bent downwards into 
the path c e, nearer to a line, c- o, 
called the perpendicular to the sur- 
face at the point of entrance ; and 
then moving straightly while in tlie 
S substance of the ^lass, it will, 
when it passes out again at e, in 
^ the opposite surface, be bent just as 
much as at first in the contrary 
direction, or away from a similar 
perpendicular at the surface i c, 
into the line c f instead of the line 
e n, A ray, therefore, passing obli- 
quely through a transparent body 
of parallel surfaces, has its course shifted a little on one side of the 
original course, but still proceeds in the same direction, or in a line 
parallel to the first. An eye, therefore, looking at an object, d, obliquely 
through a piece of glass, g k p with parallel surfaces, would see it in 
the direction f d\ instead of the directioh / d, and to the left of its 
real position. 
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a vacuum into a given substance, is called the index of refrac- 
tion (53). 

When light passes obliquely from air into water, the refraction 
or bending is such, that the line measuring the obliquity before the 
refraction, or the sine of the angle of incidence, is always longer 
than the line measuring it after refraction, or the sine of the angle 
of refraction, by nearly one-third of the latter : and the refractive 
power of water is therefore signified by the index or 1.33 : 
as in like manner, the greater refractive power of common glass 
has the index 1^: that of the diamond, 2^, and so on. Whatever 
relation holds between a ray and the refraction in any one case, 
the same holds good in all cases. If, for instance, the obliquity 
measured by its sine b* 40, and the refraction be half, or 20, then 
in the same substance, an obliquity of ten will occasion a refraction 
of five, &c. 

§ 225. Generally speaking, the refractive power of substances 
is in some degree proportioned to their densities: water, for 
instance, acts more powerfully than air, and has its power increased 
by solution of salt. Glass, again, is superior to either ; but Sir I. 
Newton observed, that inflammable substances had greater refrac- 
tive powers than others, and he in consequence foretold, what 
chemistry has since so remarkably verified, that the diamond and 
water would bo found to contain inflammable principles. 

Hydrogen, sulphur, phosphorus, wax, turpentine, camphor, and 
oils, arc distinguished by a refractive power, many times greater in 
respect to their densities tlian most other substances. Chromate of 
lead, on the other hand, which is not combustible, possesses the 
power in an extraordinary degree. 


(53) For the purpose of determining the index of refraction, a line 
is supposed to be drawn perpendicularly through the surface, at the 
point of incidence, as in the last figure, a 5, drawn through and the 
relative positions of the ray to this line are easily ascertained. Thus, 
if we strike a circle from the centre c, with the radius c in the plane of 
the ray dee, the line r e, drawn from its point of intersection with the 
ray before incidence, to the perpendicular, will be a measure of the 
original obliquity, or angular distance of the ray, and is called the sme 
of the angle of incidence ; and another line, o e, drawn from a corres- 
ponding point of the perpendicular to the ray after passing, is a 
measure of the obliquity after refraction, and is called the sifie of the 
angle of refraction ; by comparing these two lines, the amount of 
refraction is ascertained. 
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In the following Table is set down the refractive powers of the 
principal gases and vapours, compared with air : — 


Table XXVI. llefracthe Power of Gases arid Vapours. 
Barometer 30. 


Air 

. 1000 

Chlorine 

2.623 

Oxygen 

. 0.861 

Alcohol vapour 

2.220 

Nitrogen 

. 1.034 

Ether vapour 

5.280 

Hydrogen 

. 6.614 

Sulpt. of carbon vapour . 

5.179 

Ammonia 

. 2.168 

Cyanogen 

2.832 

Carbonic acid 

. 1.004 

Hydro-cyanic acid 

1.531 

Carbonic hydrogen 

. 2.092 

1 Carbonig oxide 

1.157 

Muriatic acid 

. 1.196 

1 Sulphuretted Hydrogen . 

2.187 

The following Tabic registers the refractive power of 
remarkable liquids and solids : — 

some 

Table XXVIl. 

Refractive Poicer of Liquids and /Solids. 

Sulphuret of carbon 

. 1.678 

Chromate of lead . 

2.974 

Tolu balsam . 

. 1.628 

Diamond 

2.439 

Castor oil 

. 1.490 

Phosphorus . 

2.224 

Almond oil . 

. 1.483 

Calcareous spar 

1.654 

Spirits of turpentine 

. 1.475 

Quartz 

1.548 

Sulphuric acid 

. 1.434 

Ilesin .... 

1.559 

Alcohol 

- 1.372 

Rock-salt 

1.557 

Ether . 

. 1.358 

Ico .... 

1.308 

Water . . • . 

. 1.335 

Tabasheer 

1.111 


§ 226. Many familiar phenomena might be sufficient to 
convince an attentive observer of this action of transparent sub- 
stances upon light. Thus, when a stick is immersed obliquely 
in water, it appears bent at the point of immersion ; and if an 
object, such as a piece of coin, be placed at the bottom of a basin, 
and the experimenter place himself so, that the side of the vessel 
may just conceal it, upon pouring water into it, it will become 
visible. 

§ 227. The direction of the refracted ray depends upon the 
relative position of the surface of the transparent body, not only at 
its point of entrance, but also at its exit ; and thus by variously 
modifying the surfiices of refractive media, the rays of light trans- 
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initted may be diverted almost at pleasure. By refraction at convex 
surfaces, for instance, they may be made to converge to a focus, and 
all their power condensed at one particular point ; the refraction 
taking place as if each ray fell upon a plane surface, tangent to the 
curve at the point of incidence (54). 

By a proper adjustment of surfaces, the original deviation of a 
ray entering a piece of glass may be doubled at its emergence, and 
some very curious effects produced. The phenomena may be best 
observed by means of a triangular prism of glass, or other refracting 
substance. The light which falls upon one of the faces is refracted 
at the first surface, and also at the second surface ; but the second 
refraction does not bring the ray into a direction parallel with the 
incident ray, as is thp case when the surfaces of the glass are 
parallel ; but they are permanently bent into another direction (55). 

§ 228. The most extraordinary fact connected with the 
refraction of light is, that a pure ray of white light from the sun, 


(54) 0 IT, in the annexed figure, represents a lens of glass, the oppo- 
site convex surfaces of which are segments of similar spheres. The pencil 



of parallel rays, a b, in traversing its substance, are refracted at both sur- 
faces ; and, according to the law, upon their emergence from the glass, are 
so directed as to meet at the forces f, and crossing one another, pass on 
to B A. * 


(55) A ray of light, ?v, is here repre- 
sented, impinging obliquely on the upper sur- 
face of the prism ; it is there refracted out of 
its original direction towards a perpendicular 
to the surface. On emerging from the second 
surface it is further refracted into the direction, 
g, away from the perpendicular to that surface. 
It is also separated into different portions, of 
which vr are the extremes. 
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admitted into a darkened room, through such a prism, instead of 
being refracted altogether, and appearing still as a white ray, is 
divided into several rays of different vivid colours. It is thus 
said to be analyzed or decomposed into its elementary rays. Seven 
principal colours may be distinguished, viz., red, orange, yellow, 
green, blue, indigo, and violet; and it is owing to the unequal 
refrangibility of the rays which produce them that their separation 
is effected (56). The relation of the sine of the angle of refraction 
to the sine of the angle of incidence differs in each. 

Table XXVIII. Of the Refrangibility of the Rays of the Spectrum. 



Water. 

Flint Glass. 


Index of Refraction. 

Index of Refraction. 

Red . 

1.3310 

1.6277 

Orange 

1.3317 

1.6297 

Yellow 

1.3336 

1.6350 

Green . 

1.3358 

1.6420 

Blue . 

1.3378 

1.6483 

Indigo . 

1.3413 

1.6603 

Violet . 

1.3442 

1.6711 


(56) 111 the annexed* diagram n x represents a ray of liglit passing 
into a dark chamber through a small hole in the window-shutter, ww. 


Violet - 
Indigo - 
Blue - • 
Green - 
Yellow - 
Or■n|e- 
Red- • • 




When a prism, p, with one of its angles downwards, is interposed in its 
passage, the ray, after suffering two refractions, is bent upwards towards 
s ; and when received upon a white screen, placed at a considerable dis- 
tance behind the prism, fbrms an oblong image, coloured with the most 
vivid tints named in the margin. When a similar prism, represented by 
the dotted triangle, q, is placed before the first, in the reverse position, 
the opposite actions of the tw^o correct each other, all colour disappears, 
and the effect is the same as w^ould result from the interposition of a piece 
of thick glass, whose opposite sides are parallel. 
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§ 229. Thus the red ray is the least bent, and the violet the 
most. This unequal refrangibility is not an accidental circumstance, 
but is a property inherent in their nature, and which each retains 
after being subjected to several refractions ; and no action of refrac- 
tion or reflection is capable of effecting their further decomposition. 
If they be again collected, as they may be either by refraction 
through the convex surface of a lens, or by reflection from the con- 
cave surface of a mirror, they will reproduce white light at the 
respective foci. 

The space illuminated and coloured by a pencil of rays from 
the sun thus analyzed, is called the solar spectrum. 

It is to Newton we are indebted for these beautiful experiments, 
and for a theory of colours founded upon them. 

§ 230. The composition of white light from the seven pris- 
matic colours may be roughly proved by painting them upon the 
face of a wheel, and causing it to rotate rapidly. Owing to the 
permanence of the impression upon the retina of the eye (§ 212) they 
thus become blended together, and a sort of greyish white is the 
result. The white is imperfect, because the colours employed cannot 
possibly be obtained of the proper tints, or laid on in exact proportions. 

§ 231 . This analysis of white light, however, is not wholly 
dependent upon the refractive power of a transparent medium, but 
upon what may be called its dispersive power ; and different bodies 
possess very different jDOwers of dispersing or separating the coloured 
rays of light. If, for example, we make a hollow prism of plates of 
glass, and fill it with oil of cassia, we shall find that the spectrum 
which it produces will be two or three times longer than that of a 
glass prism. Different substances not only exhibit the difference of 
dispersive power generally upon all the rays of light, but are found to 
act unequally upon the different rays: thus, if we compare the 
spectra produced by oil of cassia an.d sulphuric acid, wo shall find 
that the least refrangible colours, red, orange, and yellow, will 
occupy less space in the former than in the latter ; while the most 
refrangible colours, blue, indigo, and violet, will occupy larger 
spaces, or be more expanded. 

§ 232. The dispersive powers of dense flint-glass, and of the 
lighter crown-glass, differ very considerably; and it is possible so to 
adjust two prisms of these substances together that their disper- 
sive powers may correct one another ; and yet that a considerable 
deviation or refraction of the light which penetrates them may 



160 


-SOLAR siPECTUUM. 


remain. It is upon this principle that Dollond first eftected the 
important object of correcting the colours which surround the image 
of objects in a common telescope. Every simple lens jacts, in some 
measure, upon light as a prism, not only causing the rays to con- 
verge to a focus, but separating them by its dispersive power; by 
the proper adjustment of different kinds of glass, a compound lens 
may be constructed in which the colour is greatly corrected, and 
the rays are still made to converge in the requisite degree. 

§ 233. The solar spectrum, however, in its utmost purity is 
not, as it appears to common observation to be, an uninterrupted 
line of light, red at one end and violet at the other, and shading 
away, through every intermediate tint from one to the other ; but 
is interrupted by intervals absolutely dark ; and in those parts where 
it is luminous, the intensity of the light varies. When viewed in 
the most advantageous way, and with proper precautions, it presents 
the appearance of a striped riband, being crossed in the direction of 
its breadth by an infinite multitude of dark, and by some totally 
black bands, distributed irregularly throughout its whole extent. 
The bands are constantly in the same parts of the spectrum, and 
preserve the same order and relations to one another, — the same 
proportional breadth and degree of obscurity, whenever and however 
examined, provided solar light be used. By solar light must be 
understood not only the direct rays of the sun, but the reflected and 
scattered light from the same source, as the light of the clouds or 
sky, of the moon or planets (57). Though similar bands are observed 
in the spectra from other lights, as that of the fixed stars or of arti- 
ficial lights, yet they are differently disposed, and the spectrum of 


(57) The principal lines in the solar spectrum are here represented, 
i is the red extremity, and v the violet ; c is a broad black line beyond 


R 


JiB C 
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the middle of the red. At n is a strong double line in tJlfe orange, the 
two being separated by a bright one ; e is the middle one of a number 
in the green. At F there is a strong black line in the blue, g is in the 
indigo, and h is the most remarkable one in the violet. Betiveen these, 
others are situated so thickly that the number of the whole amounts to 
about 590. 
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each has a system of bands peculiar to itself. This phenomenon has 
been ascribed to the action of the solar atmosphere, which may have 
the property of absorbing particular portions of the rays of light. 
A similar specific action has been found in different gases and 
vapours, to which we shall again refer when examining the proper- 
ties of heterogeneous kinds of matter. 

In the spectra from artificial lights, some of the colours are 
sometimes wanting. 

§ 234. The decomposition of light may also be effected by 
absorption : thus, rays of homogeneous colours may be obtained by 
transmission through glass stained with certain metallic oxides 

Homogeneous red . . . Oxide of copper. 

„ blue • . . „ cobalt. 

But more ordinarily the colours of natural objects are compounded 
of several rays, which are left after the absorption of others. 


§ 235. Thin plates or scales of different substances, or sub- 
stances divided by fine regular lines, or consisting of minute fibres, 
have also the property of decomposing light which falls upon them ; 
but the series of phenomena which they present are totally different, 
and depend upon different principles. The simplest case, perhaps, 
of this curious property occurs, if we allow a small beam of divergent 
light to enter into a dark room by a hole not more than l-40th part 
of an inch diameter, or better still, through a small convex lens, 
and place a thin rod of any kind of matter, such as a pin, in its 
course ; if we then examine its shadow, we shall find that on both 
sides of it there are fringes of coloured light, the colours being as 
follows, looking from the shadow: — 


First fringe 

Second fringe 
Third fringe 


/Violet, indigo, pale blue, green, 
• \ yellow, red. 

. Blue, yellow, red. 

. Pale blue, pale yellow, red. 


§ 236. If insteadjof white light, any of the homogeneous rays 
of the spco||am be observed in the same way, the fringes will be of 
the same Ow«or, and their intervals black. 

If we now examine the shadow itself, we shall find that it also 
is divided by parallel fringes, which vary in number and in breadth, 
according to the distance of the body from the shadow that is 
examined. 


M 



162 


INTEEFEBBNCB OP LIGHT. 


Now these phenomena must depend upon light bent somehow or 
other into and towards the shadow, and the name of inflection has 
been employed to distinguish them. The name of diffraction has 
also been applied to them. 

If a screen be placed on one side of the inflecting body, and a 
little behind it, so as to cut o6F the access of light to that side, the 
light will pass by on the other side, but all the fringes in the shadow 
will disappear ; proving that the fringes in the shadow are occasione<f 
by the interference of the rays bent into the shadow on one side of 
the body, with the rays bent into the shadow on the other (58). 


(58) Let a pencil of rays pass through a glass, g g, of homogeneous 
colour, and fall upon a lens, l, of short focus, fixed in a diaphragm, m n. 
Place at a little distance from the focus a screen, c s, with a thin fine 
edge, and receive its shadow on a white screen, t t. The line, f s L, 
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which would be the boundary of the geometrical shadow, will not be the 
real separationlof light and shade. The shadow itself, on the upper side, 
will not be totally dark, but will be sensibly illuminated by a faint light, 
gradually shadowing off ; and below will be observed /riwge^, or alterna- 
tions of light and dark. The first is a bright band, l, parallel to the edge 
of the screen, then a dark fringe, b, parallel to the former. This is called 
the black fringe of the first order; then again a second bright band, and 
then a black one, which is called the black fringe of the second order ; 
and so on successively till black fringes may be observed, under favour- 
able circumstances, of the sixth and seventh orders. The bright bands 
become less and less brilliant, till they are confounded with the light 
which passes by the edge of the screen. 

All the colours of the spectrum produce this effect, with only this 
difference, that in passing from the red to the violet they become nar- 
rower and narrower. It is for this reason that white light does not give 
black and white fringes, but fringes of different colours arising from the 
mixture of the prismatic colours in different proportions. 




INTERFEBENCE OP LIGHT. 


163 


§ 237. “ The law of this interference may be thus explained. 
Let us suppose two minute pencils of light, radiating from two points 
close to one another, to fall upon the same spot of a piece of paper, 
in which case they may be said to interfere with one another, (for if 
the paper were removed, they would cross one another at that point). 
Then if the lengths of their paths (or the distances between the 
paper and the two radiant points,) are the same, they will form a 
bright spot or fringe of light, having an intensity greater than that 
which would have been produced by either portion alone. Now it 
is found that when there is a certain difference between the lengths 
of their paths, a bright fringe is produced, exactly similar to what is 
produced when their lengths are equal. If wo represent this differ- 
ence by the letter c?, then similar bright spots or fringes would bo 


The different fringes have their origin in the edge of the screen ; and 
by tracing them at different distances of some yards from this origin, it 
is found that they propagate themselves in hyperbolic curves, as repre- 
sented upon an exaggerated scale in the preceding diagram. 

The concentration of the light by a lens is not necessary to the phe- 
nomena. 



Supposing the arrangement to be as before, only that at a little 
distance from the focus a hair, or fine wire, w w, be placed in the course 
of the rays, its geometric shadow would reach to s s, on the screen, t t. 
Beyond this, on each side, s t, s' t' fringes may be observed, analogous 
to those arising from the edge of the screen. These are called exterior 
fringes. 

But in addition to these, interior fringes may be observed, occupying 
the whole width of the shadow. As before, they are larger in red than 
in violet light, &c., and consequently with white light present colours of 
various tints. 


M 2 
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produced when the difference in the lengths of the paths are 2 rf, 3 (f, 
4 5 &c.; but, what is very remarkable, it is clearly proved, that 

if the pencils of light interfere at intermediate points, or at 
2$ c?, 3i then, instead of adding to one another'^s intensity, the 
two pencils of light destroy one another, and produce a black spot 
or fringe.'” (59.) The distances at which these interferences take 
place are different for the different coloured rays of the spectrum ; 
and hence, although with homogeneous light, the fringes are only 
of the colour of the inflected ray alternating with black, when 
compound light is employed, they consist of various mixtures of 
the rays in a definite order. 

§ 288. In giving even the most superficial account of these 
interesting phenomena, it is almost impossible to avoid alluding to 
the two rival theories of light, for the purpose of remarking that the 
undulatory hypothesis explains them in the most satisfactory man- 
ner, and taking cillier the analogy of liquid undulations, or the 
musical vibrations of two strings, we shall find similar interferences 
occurring. When a system of waves on water interfere with one 
another at certain intervals, the force of one is added to the force of 
the other, and the height of the waves is doubled ; but when they 


(59) If light be allowed to enter into a dark clianiher by two small 
pinholes, placed at such a distance that llie cones of rays only intersect 
one another at a certain distance, and it be received upon a white screen, 
the shaded circles in the annexed figure will define the limits of the 
illuminated spaces; the common segment afcd will be much more illu- 
minated in its interior than any other part, and the arcs, a d c and a f c, 



will be of remarkable blackness, although they receive more light than 
the rest of the circumferences of which they form a part. 

If one of the holes be closed, the points in a d c or a p c, become 
more brilliant, although deprived of the additional light from the second 
hole. Light added to light thus produces darkness, and an obscure space 
becomes lighted by the abstraction of light. 
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interfere at intermediate intervals, the rise of one corresponds with 
the fall of the other, and both are obliterated. Or that kind of 
alternate cessation and increase of sound which is produced by two 
musical notes nearly in unison, and which is known by the name of 
heats^ presents a striking analogy with the alternate luminous and 
black fringes arising from the interference of light. 

§ 2S9. Thin plates of different substances produce analogous 
phenomena of colour by the interference of the rays, reflected from 
the second surface of the plate, with the light reflected from the first 
surface. This may be very well exemplified by thin sheets of mica, 
which may be procured of any degree of tenuity, by splitting the 
edge of the plate, and then rending it asunder with a sharp pull. 
The colours depend upon the thickness of the plate, and arc never 
the simple colours of the prism. Whatever tints are thus produced 
by reflected light, the complementary tints, or those colours which 
are required to constitute white light by mixture with them, may be 
found in the light which is refracted through them. The same 
effects are ])roduced in a very beautiful manner in soap-bubbles, 
which, as they grow thinner by evaporation, exhibit a series of the 
most splendid colours. A drop of oil thrown upon a surface of 
water, or glass blown very thin, produces similar results. 

The iridescent colours which are seen upon the surface of 
mother-of-pearl are referriblo to fine parallel lines formed by its 
texture ; and are produced, in a minor degree, even by the surface 
of sealing-Avax, upon which their impression has been taken. The 
splendid and A^ariable colours of the plumage of many birds is also 
dependent upon their filu’ous arrangement; while in the gorgeous 
colours of shells and fish we see the effects of a thin laminated 
structure. 

§ 240. But the most beautiful illustration of the subject is 
in the coloured rings of Newton, the laws of which were illustrated 
by that unrivalled philosopher. 

Ho placed two convex lenses of long focal lengths above one 
another, so as to touch at their summits. They were kept together 
by three pairs of screws at equal distances from each other, so as to 
produce regular pressure at the point of contact. A regular system 
of circular rings appeared round this point, having a black spot in 
the centre ; each spectrum, or order of colours, consisting of fewer 
colours as they receded from the centre. The order of the colours 
of the thin plate of air included between the glasses, is given in the 
following table, both for reflected and for transmitted light : — ■ 
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Table XXIX. Colours of Newton's Mings. 


Reflected Light. 

Transmitted. 


black. 

white. 


blue. 

yellowish red. 

First Spectrum . . . 

white. 

yellow. 

orange. 

black. 

violet. 


red. 

blue. 


^ indigo. 

white. 


blue. 

yellow. 


green. 

red. 

Second Spectrum . . 

yellow. 

orange. 

violet. 


red. 

blue. 


V scarlet. 



purple. 

green. 


indigo. 

— 

Third Spectrum . . ^ 

blue. 

yellow. 

green. 

red. 


yellow. 

'' 


- red. 

bluish green. 

] 

bluish green. 

red. 

Fourth Spectrum . . < 

yellowish green. 

— 

[ 

red. 

bluish green. 

Fifth Spectrum . . | 

blue. 

red. 

red. 

Sixth Spectrum . . | 

blue. 

red. 

— ■ 

Seventh Spectrum . | 

greenish blue, 
white. 

: — 
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Sir Isaac Newton ascertained in this way, by direct measurement, 
that air at and below a thickness of half a millionth of an inch 
ceases to reflect light, and at and above a thickness of seventy-two 
millionths of an inch it reflects all the rays of the spectrum. 
Between these two limits it reflects the various orders of colours set 
down in the table. 

Water at and below a thickness of three-eighths of a millionth 
of an inch ceases to reflect light ; at and above fifty-eight millionths 
it reflects white. 

And glass transmits all light at a thickness of one-third of a 
millionth of an inch, and reflects all at and above fifty-millionths of 
an inch (60). 

§ 241. The law of ordinary refraction, which we have 
hitherto considered, is very far from general, and it only obtains 
where the refracting medium belongs to one or other of the follow- 
ing classes : — 

1. Gases or vapours. 

2. Liquids. 

3. Bodies solidified from the liquid state so suddenly, as not 

to admit of regular crystalline arrangement, such as 
glass, jelly, gums, resins, &c. 

4. Crystallized bodies of that class which may be supposed 

^to bo constructed of spherical particles, such as the 
regular cube, octohedron, &c. 


(60) The arrangement of the lenses is here shown, with the coloured 
concentric rings arising from the thin film of air enclosed between them : 



and in the annexed figure they are exhibited in section ; the proportion 
of the curvatures being much exaggerated, in order to show the gradual 
increase in the thickness of the film. 
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These solid bodies even cease to belong to this class when they 
are forcibly compressed or dilated either by mechanical force or the 
unequal action of heat. All other bodies, such as salts, crystallized 
minerals, all animal and vegetable bodies in which there is a ten- 
dency to regularity of structure, — as horn, quill, mother-of-pearl, 
&c., — act upon light in its passage through them in a very different 
manner. They divide the refracted portion into two distinct pencils^ 
each of which pursues a rectilinear course within the medium, 
according to its own peculiar law. 

§ 242. The best exemplification of this mode of refraction 
is to be found in a substance called Iceland spar. It is perfectly 
transparent and colourless, and susceptible of a high polish. It may 
be cleaved or broken into solids of a rhombohedral form, and the 
natural faces are generally even and perfectly polished (§ 112). 

If we take a rhombohedron of this substance, and look at a 
small illuminated object through it, or a line of light passing through 
a slit in an opaque plate, or a black line upon a sheet of paper, in 
certain positions, two images of the object will appear ; and upon 
turning the rhombohedron round in its own plane, so as to make a 
complete revolution, the two images will assume a regular move- 
ment with regard to each other, so that one will fall upon the other, 
or coincide with it twice in the revolution ; and it will be easy to 
ascertain that these coincidences take place in two positions of the 
spar, which are directly opposite to each other. The maximum 
separation occurs at the two intermediate points of the revolution, 
and the distance is proportioned to the thickness of the rhombo- 
hedron (61). 


(61) If we place the rhombohedron, as in the annexed figure, 
above a sharp line, the line will appear doubled, as m n^ pq; or a dot 
will be doubled, as c o. If we cause a pencil of light, u r, to fall upon 
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Hence it appears that a ray of light, in passing through Iceland 
spar, is split into two by some force rjesiding in tlie crystal. 

§ 243. Now, the line which joins the obtuse angles of such a 
rhombohedron is designated as the axis of the crystal, (§ 124,) and it 
is also the optic axis of the mineral. Whenever a ray of light passes 
along this axis, or the principal section, or plane, of the crystal in 
which it is contained, (and which may be conceived to contain an 
infinite number of the similar axes of the primitive molecules of 
which it is composed,) it passes whole and undivided ; and if two 
artificial planes be ground parallel to one another, and perpendicular 
to the axis, an object will appear single when viewed perpen- 
dicularly through them. In all other directions the ray will be 
divided into two, one of which follows (nearly) the laws of ordinary 
refraction, and may be denominated the ordinary ray; the other 
varies from those laws, inasmuch as in general its jjlane of refraction 
does not coincide with the plane of incidence, and the sines of 
incidence and refraction cease to have a constant relation to each 
other : it is distinguished as the extraordinary ray. The sines of 
incidence and refraction, however, of the extraordinary ray, are 
always constant in the same substance at the point of greatest devia- 
tion, which happens when the ray passes along a plane at right 
angles to the axis of the crystal; and in certain substances, the 
index of refraction of the extraordinary ray is sometimes greater, 
and sometimes less, than the index of refraction of the ordinary ray. 
Hence, crystals have been distinguished as repulsive and attractive, 
or negative and positive crystals. 

There are crystals of other substances, again, which present two 
optic axes, along which a ray of light can penetrate without being 
divided: but the position of those cannot conveniently be determined 
with regard to the crystallographical axis. 

§ 244. If the rays of light which have been separated by 
passing through a crystal of Iceland spar, be made to pass through 


the surface of the crystal, it will be separated into two rays, ro, re, 
which will respectively emerge at o and r, in the directions o o', e e\ 
parallel to r r. The same phenomena will occur by making the ray r r 
fall at the same incidence, and in the same direction relatively to the 
summit a, upon any point of the faces. The plane a c b n is called the 
principal section of the crystal, and the axis, or the line which may be 
drawn from the solid angle a to the angle b, is contained in it. 
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another crystal placed similarly to the first, there will be no farther 
subdivision of the light ; the two images will be merely separated 
to a greater distance from the increased thickness through which the 
rays pass. If, again, the two crystals be so placed that the princi- 
pal sections are at right angles to each other, there will be still but 
two images; but the ray ordinarily refracted in the first, will 
become extraordinary in the second, and the extraordinary ray will 
become the ordinary. But at all intermediate positions of the two 
crystals there will be a subdivision of each ray, and consequently 
four images. These four images will be of equal intensity when 
the principal sections of the two crystals are at an angle of 45° to 
each other ; at all other angles one or other of the images diminishes 
in intensity as the principal sections approach to a perpendicular or 
parallel position. 

Each ray emerging, then, from a crystal of Iceland spar, is only 
subject to a further division in particular positions of a second 
crystal ; whereas natural light is always divided into two portions 
of equal intensity. Each ray has suffered a physical change ; it is 
not acted upon by the force of the second crystal as natural light would 
be, but requires that the force be applied in a particular direction 
relatively to the modification it has received from the first crystal. 

§ 245. This physical change has been called polarization^ (a 
term • derived from hypothetical considerations of the supposed 
arrangements of the poles of the molecules of light upon the theory 
of emission, but which must now be considered merely as a conven- 
tional term to express a class of phenomena). There are many 
crystallized minerals which, when out into parallel plates, are suffi- 
ciently;transparent to allow abundance of light to pass through them 
with perfect regularity, which, upon its emergence, is found to have 
acquired the peculiar modification here in question. One of the 
most remarkable of these is the tourmaline. If we take a well- 
polished plate of this mineral of moderate thickness, cut from a 
crystal of a brown colour in a direction parallel to the axis of the 
prism, a candle may be seen through it as through a plate of coloured 
glass^; and no change will be observed upon turning it round. If 
another similar plate be interposed between the first plate and the 
eye, and turned slowly round in its own plane, the candle will 
appear and disappear alternately at every quarter revolution of the 
plate; passing through every gradation of brightness, from the 
maximum to a total, or nearly total, evanescence, and then increas- 
ing again by the same degrees as it diminished before. If we attend 
to the position of the second plate with respect to the first, we shall 
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find that the maximum of illumination takes place when the ^is of 
the second plate is parallel to that of the first. 

§ 246. If we examine the two pencils of light after separation 
by a crystal of Iceland spar^ by means of a plate of tourmaline, we 
shall readily perceive that the ordinary image (that which is not 
deviated from the axis of the crystal) acquires its greatest intensity 
when the axis of the tourmaline is perpendicular to the principal 
section of the rhombohedron, and that it becomes extinct in the 
opposite direction. When the axis of the tourmaline lies in the 
principal section itself, the extraordinary image (that which lies out 
of the axis and deviates from it) presents phenomena exactly the 
inverse of the former. 

§ 247. The polarization of a ray of light may also be effected 
by reflexion. It takes place at a certain angle of incidence (which is 
therefore called the polarizing angle), which is different for different 
substances. When a ray of light is made to fall upon a polished glass 
surface, at an angle of 56° 45', the angle of reflexion will, according 
to the general law, bo equal to the angle of incidence ; and if in this 
position it be viewed through a plate of tourmaline, it will exhibit 
the same series of phenomena as if it had been passed through another 
plate of the same substance. The light is extinguished when the 
axis of the tourmaline is parallel to the plane of reflexion. 

If, instead of viewing the reflected ray through a tourmaline, we 
place another plate of glass so that the reflected ray may fall upon it 
at the same angle as upon the first, this second plate may be made 
to turn round its axis without varying the angle which it makes 
with the ray which falls upon it. When the two planes of reflexion 
are parallel to each other, the ray of light, or luminous object, will 
be reflected from the second glass, in the same manner as from the 
first ; but if we turn the second glass round a quadrant of a circle, 
so as to make the reflecting planes perpendicular to one another, the 
whole of the ray will pass through the second glass, and none of it 
will be reflected. Let us turn the second glass round another 
quadrant, so as to make the reflecting planes again parallel, and the 
ray will be again wholly reflected. When the glass has been turned 
round three quadrants, the light will be again extinguished. 

As both the pencils of light, into which a ray is divided by pass- 
ing through a rhombohedron of Iceland spar are polarized, but in 
opposite directions, on viewing the reflexion of a lamp from glass, at 
the proper polarizing angle, through such a crystal, the two images 
will alternately appear and disappear as it is turned upon its axis. 
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§ 248. It may perhaps assist our comprehension of the con- 
nexion of these phenomena to illustrate them by a rough analogy : 
a ray of common light as it is emitted from a self-luminous body we 
may conceive to revolve upon an axis coincident with its own 
direction, as a cylindrical rod may be made to turn, — or, which 
comes to the same thing, — the reflecting or refracting surface may 
be made actually to revolve around the ray, as an axis, preserving 
the same relative position to it in all respects, and no change in the 
phenomena will be perceived. 

But if, instead of employing such a ray of ordinary light, we 
subject to the same examination a ray which has been subjected 
to the action of certain material bodies, and has become polarized in 
the way which we have just examined, we find this perfect uni- 
formity of result no longer to hold good. It is no longer indifferent 
in what plane, with respect to the ray itself, the reflecting or 
refracting surface is presented to it. It seems to have acquired 
sides, a right and left ; a front and back ; and to be no longer like 
the cylindrical stick, but like a four-sided one. If we imagine 
a surface to be made up of detached fibres, all lying in one direction, 
or of scales, or of laminae, arranged parallel to one another, we 
should find no difficulty in thrusting the cylindrical stick through 
such an arrangement, in any direction ; but a flat ruler would only 
penetrate it in one direction. 

The two rays of light, polarized in opposite planes, after 
emerging from a rhombohedron of Iceland spar, may be rejire- 
sented by two such rulers presented to the bars of a grating, in 
opposite directions ; while the thin edge of one passed freely between 
them, they would jiresent an impassable barrier to the other, which 
would be presented to them crosswise. Supposing the grating to 
revolve upon its axis, on the completion of the first quadrant, the 
first would be arrested, and the second would pass ; and so they 
would alternately pass and be stopped at each quadrant of the turn. 

Wo find, howevel*, in Professor Wheatstone's experiments, 
to which we have before referred, a much more refined and 
natural analogy to the phenomena of polarized light in sound. Wo 
have already seen that when a tuning-fork is connected with one 
extremity of a straight conducting-i’od, the other end of which 
communicates with a sounding-board, on causing the fork to sound, 
the vibrations are powerfully transmitted. But on gradually bending 
the rod, the sound progressively decreases, and is scarcely perceptible 
when the angle becomes a right one. As the angle is made more 
acute the phenomena are produced in an inverted order; the inten- 
sity gradually increases as it before diminished, and when the two 
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parts are nearly parallel, it becomes as powerful as in the rectilinear 
transmission. By multiplying the right angles in a rod, the trans- 
mission of the vibrations may be completely stopped. 

To produce these phenomena, it is necessary that the axis of the 
oscillations of the tuning-fork should bo perpendicular to the plane 
of the moveable angle, for if they be parallel with it, they will 
be still considerably transmitted. Professor Wheatstone placed 
a tuning-fork perpendicularly on the side of a rectilineal rod, the 
vibrations wore therefore communicated at right angles ; when the 
axis of the oscillations of the fork coincided with the rod, the 
intensity of the transmitted vibrations was at its maximum ; in 
proportion as the axis deviated from parallelism, the intensity of 
the transmitted vibrations diminished ; and, lastly, when it became 
perpendicular, the intensity was at its minimum. In the second 
quadrant the order of the phenomena was inverted, and a second 
maximum of intensity took place, when the axis of the oscillations 
had described a semi-circumference, and had again become parallel, 
but in an opposite direction. When the revolution was continued, 
the intensity of the transmitted vibrations was varied in a similar 
manner; it progressively diminished as the axis of the oscillations 
deviated from being parallel with the rod, became the least possible 
when it arrived at the perpendicular, and again augmented until it 
remained at its first maximum, which completed its entire revolution. 

§ 249. This state of polarization once acquired by light, is 
retained by the ray in all its future course (provided it be not again 
modified by other bodies), for it matters not how great the distance 
between the substance operating the change and the substance by 
which it is afterwards analyzed, whether they be in contact or many 
inches, yards, or miles asunder, not the least variation can be per- 
ceived in the phenomena in question. 

§ 250. Different substances polarize light by reflexion at 
different angles. 


The angle for Glass . 

. . is 56° 45' 

59 

Water 

53° 11' 

55 

Rock crystal . 

56° 58' 

55 

Iceland spar 

58° 51' 

55 

Sulphur 

63° 45' 


Diamond 

68° 1' 


§ 251. Light may also be polarized by successive reflexion, 
from the different surfaces of several plates of transparent substances 
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at other angles, as, for instance, from a pile of five or six glass 
plates : and the portion which in this case penetrates through the 
pile, is found to be exactly equal to the former, and also to be 
polarized, but in the opposite plane. 

§ 252. But the most interesting, as well as the most s])lendid, 
of all the phenomena of polarized light, are the vivid and gorgeous 
colours which are developed by the action of crystallized plates, 
under certain conditions. Tf a ray of light, polarized in any of the 
ways which we have described, be made to traverse a thin plate of 
mica, or sul})hatc of lime, which is perfectly diaphanous and 
colourless to common light, and then analyzed by a ])latc of tourma- 
line in that particular position in which without the plate it would 
wholly disappear, the ray will appear, but coloured in the most 
splendid manner with different tints, dependent u])on the thickness 
of the plate ; the tint will also vary with different degrees ©f 
inclination of the plate, these, in fact, being e(piivalcnt to different 
thicknesses. There are, however, certain thicknesses dc])ciident 
upon the nature of the crystallized plate, beyond which the jdie- 
nomena arc not produced. 

If the analyzing plate be now turned u])on its axis, the ray will 
exhibit at the first quadrant the complementary colour, or that 
colour which, if superim]josed upon the first, would j)roducc white 
light ; but, upon continuing the rotation, it Avill rc-appear at the ])osi- 
tion o])])osite to the first, with the original tint. Tt thus aj)])ear.s that 
the original polarized ray sulFers a bifurcation — or bt polarization^ by 
its passage through the crystallized j)late, and that its ])lanc of ])olari- 
zatiou is altered. This splitting of the polarized ray differs from that 
which takes place when the rays pass irom a rhombolicdron of Iceland 
spar into another with its axis at right angles to the first : foi*, in the 
latter case, all the rays are equally divided in the two pencils, and 
constitute white light, while in the former the colours of tvA"o halves 
of the spectrum are combined in the oppositely-polarized ravs. 

§ 25*]. Tliese phenomena a]>pcar more striking when tlie 
analysis of the ray is made w itli Iceland spar, for then two images 
ai'G set'll together of comjdcmentary colours; and they are ])roved 
to he com])lemcntary by their producing white light at the jioint 
at which they coincide or overlap each other. 

§ 251. When the original polarized ray is made, however, to 
pass along the optic axis of the crystallized jdato, it exhibits none 
of tliese phenomena. 
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Another scries of beautiful appearances present themselves when 
a ray of white polarized light is made to traverse perpendicularly 
a plate of any crystallized substance with a single axis. If it 
be then examined with a plate of tourmaline, a series of concen- 
tric rings will bo perceived, of different most vivid colours. The 
phenomena will change their aspect with the position of the tour- 
maline. When the axis of the tourmaline is in the primitive plane 
of polarization the rings will be traversed by a beautiful black cross, 
extending its arms to a great distance. When the axis of the 
tourmaline is in the ojiposite direction, the black cross will be 
replaced by a white one, and in all respects the second image will 
be complementary to the first (62). 

§ 255. Iceland spar (or calcareous spai*) presents this jihcno- 
menon in great perfection, but all other crystallized bodies with 


(62) These changes are represented in the annexed figures. 



Suppose p p' to represent the 
plate of mineral, cut perpendi- 
cularly to its axis ; the polarized 
rays form a species of luminous 
cone, o n of which the apex, 
o, is in the eye, and the base, 

B b', has a diaraeter variable 
with the distance, and of wkich the axis c o coincides with tlie axis of 
the crystal. The different rays of this cone experience very diflerent 
cficcts; those which lie near the axis c o, traverse the plate without 
deviation, and are therefore subject to two refractions, ordinary and 
extraordinary ; but these tw^o refractions are always accomplished in the 
same plane, because every j)erpendicular section passing by the axis c o, 
is a principal section. IVIorcover, the different rays a o, a' o, equally 
distant from the axis, suffer very different modifications in their planes of 
polarization ; and, from the interference of the rays, so oppositely po- 
larized, present the succession of colours which we have described. 
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one axis, of doublo refraction, exhibit similar systems of rin^s. 
It is, however, very remarkable that some crystals exhibit this 
action in opposite directions. Thus, if M^e take a system of rings 
formed by ice or zircon, and combine it with a system of the same 
diameter foi’rned ])y Iceland spar, the two systems will destroy one 
another ; and hence it is concluded that the system of rings pro- 
duced by these crystals are positive or opposite in character to the 
negative s} stem of rings in calcareous spar. 

§ 256. Crystals which have two axes of double refraction 
present double systems of rings when examined in the same way, 
and the changes produced in the combinations of the black and 
white crosses with the coloured rings, when the crystal and the 
tourmaline are turned upon their axis, are of the most interesting 
description, but are too comjJicated to find a place in the cursory 
glance which it consists with our present design to cast upon this 
beautiful department of natural philosojdiy (63). 

§ 257. Those jdicnomcna are not only presented by regularly 
crystallized bodies, but mechanical ])ressure is capable of conferring 
a structure which will develope them. Thus the bending of a slip 
of glass will enable it to act u))on jwlarized light at the part of 
greatest tension, in the same manner as a crystal of carbonate of lime. 

Plates of glass which have been heated and suddenly cooled, 
present, when analyzed by a polarized ray which has been trans- 
mitted through them, rings and crosses and coloured tints which 
depend upon the form of the })latc ; a squai e plate of iinannealed 
glass thus examined ])rcseiits at its four angles small circular figures 
separated by a large black cross. These small circular figures 
also appear at the corners of any rectangle ; but the cross is 
replaced by coloured bands parallel to the greater sides of the 


(63) These figures may convey an idea of the phenomena presented 
hy a crystal of nitre, which belongs to the hinaxial system, subjected to 
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rectangle. A round plate exhibits concentric coloured rings, inter- 
sected by a largo cross; if* the circle be ground down to a square, 
the original disi)osition of the colours will return ; or if the corners of 
the s(|uarebo ground off, the circles will make their appearance (Gi). 

In all these cases, upon turning the analyzing plate upon its 
axis, the colours change to the complementary colours at the opposite 
ipiadrants, and the black cross to the white. 

§ 2o8. These eflects are due to the forced state of compression 
in which the ])articles of the glass arc held by the sudden cooling of 
the outer layer, and they entirely disappear when the glass is 
perfectly annealed. The direction of the force, and the consequent 
arrangement of the jiarticles, is altered every time any jiortion of 
such a mass, even the slightest, is removed, and thus by grinding 
the diflerent figures down to others, the tension is altered in certain 
directions, and their conse([ucnt action upon the polarized ray is also 
altered. If a square sheet of caoutchouc be stretched at its four 
corners, and one of them be then cut off, the manner in which it will 
retract itself from this point will explain, by a rough analogy, the 
mode in which the particles of unannealed glass are affected by the 
mechanical removal of any portion of their aggregate. 

§ 259. There is one more class of these phenomena to which 
we must yet refer. If a ray of ])olarized light be passed through 
a plate of quartz, cut at right angles to its axis, upon examination 
it will not 1)0 found ])olarized in the same manner as in crystals with 
one axis, but the })lacc of the black cross will be occujiied by colours 
which lill u]) the first ring, and eiicroacdi upon the rest. These 
colours vary with the thick ness of the plate, but they suffer no change 
by turning the j)late round u])on its axis. Suppose the colour in the 
centre of the rings to be red ; let the analyzing plate be turned round 


((M) These figures represent the position of the black cross, and 
coloured circles, in a square and circular piece of unannealed glass. 
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from right to left, keeping its iiielination invariable, and the red 
colour will change successively to orange, yellow, green, and violet, 
the analyzing plate acquiring, as it were by its rotation, the power of 
transmitting these colours in succession ; a result which is perfectly 
explained by supposing that the rays of each of these colours are 
polarized in different planes. Upon trying different specimens of 
quartz, M. Biot, the discoverer of this species of circular polarization, 
found several in which the very same phenomena were produced by 
turning the analyzing plate in the opposite direction, from left to 
right. 


§ 260. Upon examining this remarkable property with ho- 
mogeneous light of different colours, it will be found that, when the 
yellow ray is transmitted, it becomes fainter and fainter as the plate 
turns round, till at a certain angle of rotation it totally disappears : 
the homogeneous red ray disappears at a less angle of rotation, and 
the homogeneous violet at a greater angle. 

The rotation of the plane of ])olarization is proportional to the 
thickness of the plate, for all ])latcs cut from the same crystal : and 
upon placing two jdates, one upoji the other, which act in opposite 
directions, the effect will he the same as from a plate having a 
thickness e(|ual to the difference between the two. 

§ 261. Quartz is the only solid substance which has yet been 
found to possess this pro})erty, but some liquids, and even gases, are 
endued with it. 

The essentia] oil of turpentine turns the ])laiies of polarization 
from right to left ; the essential oil of lemons from left to right. 'This 
is the more remarkable, inasmuch as the cljomists' art fails to detect 
any difference in the ultimate composition of these two liquids. 

Solutions of camjdior in alcohol, and of sugar in water, present 
the same series of phenomena as quartz, only differing in intensity. 
The apparatus with which these observations maybe made, consists 
of a metallic tube of sufficient length, closed at its two ends with 
parallel plates of glass. This tube is filled with the liquid to bo 
examined, and a ray of polarized light is passed through its axis, 
which is subjected at its emergence to the action of an analyzing plate. 

The phenomena are more simple, when a ray of homogeneous 
light is submitted to the experiment, and a particular glass stained 
with oxide of copper, answers the purpose perfectly of stopping all 
but the red ray. The analyzing plate is set in the centre of a 
graduated circle which, turning with it, indicates the polarizing 
angle with great accuracy by a vernier u])ou its edge. Upon looking 
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through such an ari‘angement, no light penetrates the plate ex(.*e])t 
at this angle, which is greater or less according to the nature of the 
liquid, the de])th of the interposed stratum, or the quantity of tlic 
substance in solution. 

When liquids are mixed with each other w^hich are either 
inactive or active in the same or opposite directions, the total effect 
is always equal to the sum, or the difference, of the separate actions. 
Even when they pass into the state of vapour, they retain their 
power, as M. Bidt ascertained by experimenting upon the vapour of 
turpentine in long tubes. 

§ 262 . Here, then, we have phenomena dependent, not upon 
structure, — ^that is to say, the positions and mutual distances of the 
particles with regard to each other — but upon the nature of the 
ultimate particles themselves. This peculiar action of matter uj)on 
light may even afford the means of detecting varieties in the 
nature of substances which elude the more direct means of chemical 
examination, and M. Bidt has shown that mixtures of the sugar of 
the cane and of grapes, may thus be recognized and estimated, which 
would utterly defy the powers of chemical analysis. 

He has also applied the property with success, as a test of the 
value of didereiit samples of the expressed juice of beet-root in the 
manufacture of sugar, and has thus conferred even a commercial 
importance upon a discovery, which at hj’st appeared to have as 
little relation as possible to the arts or conveniences of life. 

§ 26 tl. Another curious application of the properties ol' 
polarized light, has been made to practical purposes ; and such 
examples furnish an admirable rebuke to those wdio affect in their 
ignorance to treat with disdain all such scientific researches, as can- 
not at once, according to their narrow notions, be rendered nsifnl. 

Jt is well known that in dangerous navigations, a commander 
of a ship will place himself at the mast-head, lor the purpose of more 
clearly seeing the rocks and shoals at the bottom of the sea. E\])o- 
rience has taught him that from this lofty position they are more 
visible than from the deck. The reason of this is apparent from the 
common laws of the reflexion and refraction of light : the greater 
the angle of reflexion, the greater the (piantity of light which is 
turned aside, and the loss that which ])enetrates. The refracted 
light from the bottom of the sea is not perceptible amidst the glare 
of that which is reflected to the lower position, for the eye cfirmot 
appreciate an addition of less than „\,th of the whole quantity which 
affects it : but at the smaller angle from the higher i)osition, the 
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reflected light is so diminished that the refracted portion makes its 
due impression. 

Now this jjurpose is still more offoctually attained by viewing 
the objects at the bottom of the sea through a polarizing tube ; for 
at the proper polarizing angle, nearly the whole of the reflected 
light may be extinguished, and they become perfectly visible by 
their direct refracted light. 

Ha DIANT Heai’. 

§ Radiant heat, as contradistinguished from light, is 
subject to all the laws of optical phenomena, but is variously 
affected and modified by different forms of matter, according to tlie 
intensity with which it is ))ropagatcd or projected. The recent 
experiments and investigations of M. Melloni, have even rendered 
it highly probable that differences exist between obscure rays of 
heat which ai*e analogous to the differences bet^^x‘eu the coloured 
rays of light ; which although they cannot, like the latter, be made 
the objects of sight, may be established by certain jdiysical j)roperties 
and relations ; just as different ])hysieal projierties may be found, 
independent of their colour, in the diflerent rays of luminous 
spectra. 

Radiant heat like light, can pass through a few su))stauces, but is 
arrested by the greatest number, and is subject to reflexion, al)sorp- 
tion, secondary radiation, refraction, and ])olarization. 

§ 265 . When the rays of iinmixed light are absorbed, they 
escape the cognizance of our senses : but when the calorific rays are 
absorbed, they produce the sensation, and universal expansion, of 
heat. If a perfectly traiispareut colourless glass tube, be filled with 
ether, and be placed in the rays of the sun, they will be freely trans- 
mitted without raising the temperature of the liquid : but if a 
piece of charcoal be immersed in the ether, the radiant heat will 
be arrested, and the temi)erature will s])eedily rise to the boiling- 
])oiht. 

It is impossible to examine and experiment upon the light of 
the sunbeam, without observing that it is accompanied in all 
its affections by calorific rays. We obtain foci of heat, as well 
as luminous foci, from concave metallic mirrors and convex glass 
lenses, according to the laws of reflexion and refraction. The laws, 
however, of this radiant force are best studied in its projection from 
terrestial bodies, whose temperature is under our command, and 
may be varied for the purposes of experiment. 
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§ 266. The intensity of radiant heat, like that of light, and 
for the same reason, decreases as the square of the distance from the 
source of the rays : — thus, if a thermometer jirotected from the 
influence of all disturbing causes, be observed to rise a certain num- 
ber of degrees at one inch distance from a heated surface, it will 
indicate four times less heat at two inches ; nine times less at three 
inches ; and sixteen times less at four inches. 

§ 267. The primary law of reflexion at an angle equal to the 
angle of incidence, is also easily recognized by holding a bright 
metallic plate before a common fire ; the rays of heat may then bo 
turned in any direction according to this law, and tested by our 
sensation ; when we see the image of the fire in the mirror we also 
feel its heat. 

If we fix two concave metallic mirrors, at a distance apart of 
about ten or fifteen feet, with their axes in the same line, and with 
their faces ])arallel and o])]K)sed to each other, n])OU ])lacing a ther- 
mometer ill the focus of one, it will be found sensible to the efiects 
of a heated body jilacod in the focus of the other. Jt is easy to 
assure ourselves that the effect is owing to reflexion, and not to the 
direct radiation of the heated body, by removing the thermometer 
out of the focus, and a])])roaching it towards the source of heat 
when it will be found to fall ; or the same return to its original 
state may bo produced by placing a screen between the thermo- 
meter and its own mirror; when the reflected. rays will be cut off, 
although tlie direct comiimnicatiou with the radiating body will 
still be open. In the same way when a red-hot iron ball is placed 
in one focus, a ])icce of paper will be scorched in the other, and 
gunpowder and ])hos])horus may be inflamed even when the tem- 
perature of the ball is below ignition (65). 


(65) The annexed 
figure shows the dispo- 
sition of the apparatus. 

A and li arc the two 
polished metallic mir- 
rors. The hot iron ball 
is placed in the focus, c, 
of the mirror, a, towards 
which it radiates its 
heat. The diverging 

rays arc reflected in a parallel direction upon n, by a second reflexion 
from which they are rendered convergent, and fall uj)on the thermometer, 
I), placed iu the focus to receive them. 
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The heated body placed in one of the foci of these conjugate 
mirrors throws olF its rays in all directions, and those which strike 
upon the surface of the nearest mirror arc reflected, according to the 
law which has been so often stated, in a parallel direction upon the 
surface of the second mirror, where they undergo a second reflexion, 
and according to the same law are made to converge at the second 
focus, and there act with their concentrated energy. 

§ 268. Reflexion from the concave surface of a hollow cone, 
also causes rays of light or heat to converge to a focus, and those 
who have not the command of conjugate mirrors, such as have been 
just described, may easily verify the above results simply by a sheet 
of gilt paper, rolled up into the form of a truncated cone with the 
metallic surface inwards. If a hot ball be f)lacod at the large 
extremity of this cone, the radiant heat will be reflected to a focus 
beyond the smaller end, and phosphorus, &c., may be fired. 

§ 269. Bright metallic bodies being the best reflectors of 
heat, in the experiments above described, the temperature of the 
mirrors is not appreciably raised ; but if their surfaces bo dulled, 
as by coating them with lani])d)lack, the rays are absorbed by the 
mirror which is the nearest to the heated body ; it becomes hot, and 
a small and almost inap])rcciable (juantity is transmitted to the 
second mirror. Bodies, however, which thus absorb radiant heat, 
throw it off again by a secondary radiation, and scatter it in every 
direction as from a centre; and it has been ascertained by the 
beautiful experiments of Sir John Leslie, that the best absorbents 
of heat are the best radiators. 

Heat propagated by regular reflexion, loses none of its intensity 
by increasing the distance which it has to traverse, except a minute 
({iiantity which is due to the absorption of the medium through 
which it passes ; l)ut wdicii propagated by secondary radiation, 
it decreases directly as the square of the distance. Two portions, 
therefore, under these different circumstances, may easily be distin- 
guished from each other by these different properties. 

^ § 270. These properties, as w'ell as that of reflexion, depend 
entirely upon the surfaces of bodies. Sir J. Leslie obtained most of 
his results with the simple a])paratus of a cubic tin cannistcr, which 
ho heated by filling it with boiling water, and then by coating three 
of the sides wdth different substances, he compared their several effects 
upon a delicate thermometer, placed at the same distance from each, 
with that of the fourth side which was left in its bright and 
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polished state. By these means he found that taking the quantity 
of heat radiated by lamp-black as 100, the radiating power of a 
surface covered with glue was 80, and of the clear metal 12. The 
following table was also constructed from Professor Leslie's 
experiments : — 


Tahle 

XXX. Radiating Powers. 


Lamp-hlack 

. 100 

Tarnished lead . 

. 45 

Sealing-wax 

. 95 

Clean lead 

. ]9 

Writing paper . 

. 98 

Polished iron 

. 15 

Crown-glass 

. 90 

Tin 



China ink . 

. 88 

Gold 

polished 

. 12 

Road lead . 

. 80 

Silver 

Plumbago . 

. 7.^ 

Copper 




He also found that the direction of the lines by which the 
surface was roughened had a considerable effect upon the result. 
He scratched a bright metallic surface with a number of lines in 
one direction, and found the force of radiation increased : he then 
scratched a similar surface with the same number of linos, half of 
which crossed the others at right angles, and obtained a still greater 
effect. The j)owcr of projection seemed to depend upon the number 
of points produced. 


§ 271. M. Melloni has lately ascertained by experiment, 
that these differences in metallic bodies do not arise from differences 
in the state of their surfaces, but from changes in their densities. 
To determine this, it is necessary to make the observations with 
metals which are not easily oxidizablc ; for the thin coat of oxide 
which forms upon tin, or zinc, or brass, is known to radiate much 
better than the metals themselves. He formed two vessels of piu*e 
silver, one of welHiainmered plate, and the other of cast metal 
slowly cooled. He polished one side of each very highly, and the 
other he scratched with emery paper in one direction only, and 
filling them both with hot water, he found the following difference : — 


jQo jT''or the polished face of the 
I hammered metal. 

JQO I For the scratched face of 
1 the same. 


13° 7 polished fticc of 

I the cast metal. 

11® 3 scratched face of 

\ the same. 


Comparing these results it will bo found ; — 1st., That in the 
case of the polished surfaces, the cast metal radiated nearly Jrd more 
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than the forged ; showing the superiority of the lesser density ; — 
2dly., That in the case of the scratched surfaces, not only does the 
hammered metal show an augmentation of radiant power of ^ths, 
but the cast metal a diminution of nearly J,th. 

The latter unexpected effect arises, according to M. Melloni, 
from the compression of the soft surface of the cast metal by the 
action of the hard emery. 

§ 272. The relation of the powers of reflexion, absorption, 
and radiation, and the equality of the two latter in similar surfaces, 
is well shown by an experiment of Dr. Ritchie. He placed a 
hollow metallic vessel filled with hot water, between the two 
metallic discs of an air-thermometer. The surface of one disc was 
bright and polished, and of the other covered with lamp-black. 
One of the surfaces of the heated vessel was also bright and polished, 
and the opposite surface similarly lilaekened. When the ap])aratus 
was so arranged that a black was opposed to a metallic surface, no 
effect was produced upon the liquid of the thermometer ; but when 
the blackened surface of the heated vessel was opposed to the 
blackened disc, the expansion of the air indicated a strong transmis- 
sion of heat. In the first position, the good radiating surface of the 
heated vessel was opposed to the good reflecting disc of the thermo- 
meter, and its bad radiating surface to the good absorbent surface, 
and the actions were exactly balanced : but in the second position, 
the good radiating surface was opposed to the good receptive sui-face, 
and the two bright metallic surfaces to each other, so that every- 
thing favoured the transmission of heat on one side, and stopped it 
on the other side, and the liquid of the thermometer instantly 
indicated the inequality. 

§ 273. These principles may be readily illustrated by easy 
experiments, or by the results of common experience. If we take 
two ecpial tin vessels, brighten the surface of one, and blacken 
the other, we shall find upon filling them with hot water, that the 
water in the blackened vessel will cool much faster than that in the 
bright vessel. The water in a bright silver tea-pot will retain heat 
much* longer than water of the same temperature in one of earthen- 
ware ; and hence the superiority of the one over the other for pre- 
paring the infusion. The furniture of the kitchen will also afford 
abundant apparatus for illustrating the principles of radiation, 
absorption, and reflexion, and their economical applications. If the 
bottom of the kettle be bright, we shall scarcely be able to boil the 
water which it contains; but the moment it becomes covered with 
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soot the heat freely passes into it. If the whole of its surface be 
blackened, the water will soon cool when removed from the fire, 
and it is in its most efficient state when its sides and top are bright, 
and its bottom coated. By the meat-screen and the Dutch oven 
the radiant heat of the fire is reflected, and concentrated upon the 
operations which are carried on behind them ; and innumerable 
other instances might be adduced in which experience and obser- 
vation had probably long anticipated the conclusions of experiment 
and science. 

Pipes for the conveyance of hot water or steam should be kept 
perfectly bright and polished ; while at those ])arts where they are 
destined to give out the heat to the surrounding atmosphere they 
should bo roughened, or coated with some good radiating substance. 
By attending to such circumstances, which might to the uninformed 
appear trifling and unimportant, the consumption of fuel in the 
steam-engine itself has been greatly economized. 

The thinnest coating of gold leaf covering the finger, will enable 
a person to approach it within a very small distance of a red-hot 
iron or other incandescent body ; while, if unprotected, it would be 
burnt at ten times the distance. And the same reflecting power 
may be rendered visible by gilding some letters upon a sheet of 
})aper, and holding a red-hot iron over them, when the uncovered 
intervals will be scorched, but the letters themselves will bo 
untouched and conspicuous. 

§ 274. The radiation of heat is one of the most important 
processes in the economy of nature, and it is one of the means by 
which equilibrium of temperature is brought about. Not only does 
heat travel from a hot to a cold body by the processes of conduction 
and convection, which we have before examined, but it is jirqjected 
from the one and absorbed by the other, at a rate dependent upon 
the state of the surfaces of the two. In every assemblage or system 
of bodies, as for instance the various objects in a room, there is a 
tendency in each to radiate its heat ; which, if met by an equal force 
or exchange in others, or in the walls of the apartment, is balanced 
or restrained ; but if any inequality exist in the system, the projec- 
tion takes place towards the weaker point till the balance is restored 
by absorption. 

The same radiation takes place upon a large scale from all the 
substances upon the surface of the earth towards the regions of 
space ; which, if not met and counteracted by the radiation from 
the sun, would soon annihilate all organic being by tlie rigors of an 
eternal frost. 
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§ 275. We may easily obtain evidence of this tendency by 
placing in the focus of a concave metallic mirror the bulb of a ther- 
mometer, covered with some good radiating substance, as the short 
white fibres of wool or cotton. By turning this apparatus towards 
the clear sky, the thermometer will fall several degrees. It is pro- 
tected by its position from the radiation of surrounding objects, and 
its own radiant heat is projected towards the clear space, or falling 
upon the concave surface of the mirror, is reflected in parallel lines 
in the same direction. This effect is produced even while the sun 
is above the horizon, provided the mirror be turned from the direct 
rays of that luminary ; and at night a depression of seventeen degrees 
below the temperature of the air and surrounding objects may com- 
monly be produced. Perfect stillness of the atmosphere is neces- 
sary, and perfect transparency also, for otherwise the balance of 
temperature is soon restored by convection, and the slightest mist 
destroys the effect by a counter-radiation. 

§ 276. It was upon these principles that Dr. Wells first 
explained the formation of dexc in one of the most bcautifiil experi- 
mental essays which ever graced the annals of inductive philosophy. 
He ascertained that the formation of this important phenomenon was 
always preceded by the cooling of the body, upon which it was 
deposited, below the temperature and dew point of the air by radia- 
tion. Hence it is that the best radiating substances, such as the 
fibrous and filamentous textures of vegetables, collect this moisture 
most abundantly, and the short-mown grass-plat will be covered 
with it, while the gravelled walk, or compact road by its side, will 
remain perfectly dry ; and hence it is that dew never forms on a 
cloudy night, or when there is wind enough to restore the balance 
of temperature by its circulation. 

§ 277. If in one of the foci of the conjugate mirrors before 
described, a piece of ice, or a glass flask filled with a freezing mixture, 
be placed instead of a heated body, the thermometer in the other 
focus will indicate a depression of temperature ; and the experiment 
has sometimes been referred to as proving cold to have a positive 
existence, distinct from heat ; but the phenomenon is easily expli- 
cable upon the principles which we have already explained, without 
reference to any new hypothesis. In the new arrangement, the 
thermometer is the hotter body, and radiating its heat upon the 
nearest mirror, the rays are projected upon the second, and collected 
in the focus, where they are absorbed by the ice ; and as no adequate 
return is made, the temperature of the thermometer necessarily falls. 
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The effect is exactly the same as that of radiation directed into clear 
space, just described, which itself was referred by Sir J. Leslie, 
to cold pulses shot downwards from the sky. 

§ 278. Radiation, however, was ascertained by Sir H. Davy 
to proceed with greater energy in vacuo than in the air. He, by 
means of the voltaic battery, ignited charcoal placed in the focua of a 
small mirror confined in the exhausted receiver of an air-pump. The 
receiver being exhausted to y^th, the effect upon a thermometer 
placed in the focus of another mirror below, was nearly three times 
as great as when the air was in its natural state of condensation. 

§ 279. It has long been known that the heating power of the 
sun‘’s rays de])ends upon the colour of the surfaces upon which they 
fall ; and that dark and black bodies are more heated than those 
which are of light tints, or white. The fact was proved by Dr. 
Hooke and Dr. Franklin, who placed pieces of cloth, of similar 
texture and size upon snow, allowing the sun’s rays to fall equally 
upon thorn. The dark specimens always absorbed more heat than 
the light ones, and the snow beneath them melted to a greater extent 
than under the others ; and they remarked that the effect was 
nearly in proportion to the de])th of the shade. With regard to 
this experiment, the different colours stood in the following order, 
— Black, blue, green, purple, red, yellow, white. 

It is probable that the absorption of some kinds of terrestrial 
-heat may also be affected, in some degree, by the colour of the objects 
upon which the rays may fall ; but, generally speaking, the absorption 
and radiation of terrestrial heat are dependent much more upon 
the texture than the colour of the surfaces upon which it impinges, 
or from which it emanates. 

§ 280. We have now to inquire how radiant heat is affected 
by its passage through such bodies as it can penetrate and traverse. 
All the ordinary phenomena which we observe, take place through 
the medium of the atmosphere, and radiation will proceed through 
any gaseous medium. The experiment of Sir H. Davy has however 
just been referred to, to prove that it proceeds with least obstruction 
in vacuo. Observation has also proved that the intensity of the solar 
rays is greater upon the summit of a lofty mountain than at its 
base ; and it has been calculated that about one-fifth of the solar 
heat is absorbed in passing through a column of 6000 feet of the 
purest air. 

As it is by the passage of light through different transparent 
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media that we distinguish different kinds of luminous rays, so by 
the same means we are enabled to detect different kinds of calo- 
rific rays. 

§ 281. Sir Win. Herschel, in examining the solar ray by 
means of a prism of flint-glass, found the greatest heat in the red 
ray, or even in the dark space a little beyond it ; and concluded that 
radiant heat was less refrangible than the least refrangible of the 
rays of light. Professor Seebcck subsequently ascertained that the 
place of the maximum of temperature in the solar spectrum depends 
upon the chemical composition of the substance of which the prism 
is made. AVitli a hollow prism filled with sulphuric acid, it fell 
within the limits of the orange space, and with water within those 
of the yellow. 

§ 282. In experimenting with colourless and pcrfectly-jiolished 
and transparent glass, one striking difterence immediately occurs 
between solar heat and the radiant heat of terrestrial bodies ; it 
allows the rays of the former, like the rays of light, to pass through 
it with little obstruction, while it almost wholly arrests the progress 
of the latter. The ra} s of heat, as well as of light, arc concentrated 
in the focus of a concave metallic mirror, and the greatest heat which 
has ever been produced by art hjis thus been accumulated. The 
effect is little lessened when the mirror is formed of silvered glass, 
in which case the rays which arc reflected from the bright metallic 
surface pass through the interposed substance of the glass before they 
are collected. On the other hand, if the metallic mirror be held 
before a common fire, a burning focus Muil be easily found ; but with 
a glass mirror the light of the fire will bo reflected, but not its heat. 
In a similar way, glass lenses refract both the light and heat of the 
sun, and hence arc familiarly distinguished as burning-glasses ; but 
when held before any source of terrestrial heat, the most delicate 
air- thermometer will scarcely be affected. 

The principal effects which we have previously described of the 
reflexion of dark heat from the conjugate mirrors are immediately 
arrested by the interposition of tlie thinnest glass-plate. This pro- 
perty of glass is sometimes usefully employed where it is desirable 
to see the light of a fire without being incommoded by the heat ; 
and glass screens are used to protect the eyes when it is necessary 
to inspect the action of a hot furnace. 

The radiant force, however, is not lost by this absorption of the 
glass : it receives a new direction ; the glass itself becomes hot, and 
begins to throw oftTieat by secondary radiation. 
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§ 283. This distinction between solar and terrestrial heat is 
far from being absolute as was at one time supposed ; for by delicate 
experiments it has been found that glass will arrest some of the 
former rays, while, on the other hand, it will allow some of the 
latter to pass. It has also been ascertained that the quantity of 
terrestrial heat which may be transmitted varies with the nature 
of its source : from a good radiating surface of the temperature 
of boiling water it is scarcely appreciable, while from the flame 
of a gas-lamp it may be measured by the air-thermometer. M. De 
Laroche also made the discovery that the heat which has passed 
througli one plate of glass is loss subject to absorption when passing 
through a second. 

§ 284. The difference between radiant heat or light, and heat 
in its other condition, is strikingly illustrated by the combustion of 
a flame of hydrogen and oxygen gases in which no solid matter is 
concerned. The result is the vapour of water, and the disengagement 
of the greatest heat which art can command ; but it is accompanied 
by very little light, and if a convex lens be held before it, the radiant 
heat which will pass through it will scarcely affect the most deli- 
cate air-thermometer. If a piece of solid matter, capable of resisting 
its action, such as a wire of platinum, be held in it, radiation will 
immediately take place. A piece of lime thus presented to the 
flame undergoes no chemical change, but emits a light which almost 
rivals that of the sun ; and radiant heat is at the same time pro- 
jected of sufficient intensity to penetrate the lens, and to inflame 
phosphorus at its focus. 

§ 285. We are indebted to M. Mclloni for almost all that 
we know, with accuracy, of the passage of radiant heat through 
different translucent substances. The memoirs in which he has 
recorded his experiments and deductions have been most justly 
honoured with the Ruinford medal of the Royal Society, and they 
present a model w^ell worthy of the imitation of those who are 
engaged in similar physical investigations. 

He has ascertained that the power in bodies of transmitting rays 
of heat is by no means proportioned to their transparency, or their 
power of transmitting rays of light ; and amongst crystallized bodies 
in particular, he has found that some which are highly transparent 
intercept nearly the whole of the calorific rays, while others act in 
a manner directly contrary. These properties are invariably mani- 
fested, whatever be the temperature of the source, and become yet 
more singular at low temperatures ; for in the latter case it is found 
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that the ordinary heat of the hand will pa»s through a solid body of 
several inches in thickness. Liquid chloride of sulphur, of a deep 
red-brown colour, will, out of 1 00 rays, allow 63 to pass ; while an 
equal thickness of colourless spirit of turpentine will only transmit 
thirty-one; of sulphuric ether, twenty-one ; sulphuric acid, seven- 
teen ; and of distilled water, only eleven : the case is the same with 
solid bodies. Different kinds of glass vary in their powers of trans- 
mission, from sixty-seven per cent, in flint-glass to fonA UiM. 
cent, in crown-glass: while perfectly diaphanous rock-salt vll* 
transmit 92 out of every 100 rays; and equally diaphanous 
alum only twelve. To distinguish those bodies which possess a 
capacity for calorific transmission, from those which possess a capa- 
city for luminous transmission, he has proposed the term diatherma- 
nous for the former, as analogous in form to the epithet diaphanous^ 
applied to the latter. In one experiment ho employed a plate of alum, 
well polished, and perfectly transparent, only .06 inches in thick- 
ness, and compared it with a plate of smoky quartz 3.38 inches 
thick, which was of so decided a brown colour that the largo letters 
of a printed page, placed in the fullest light, could not be traced 
through it ; and found that the former allowed only six per cent, 
of the rays to pass through it, while the latter afforded a passage to 
nineteen per cent. He also found that the perfectly opaque glass 
employed in the construction of mirrors, for experiments upon the 
polarization of light, was diathemianous enough to transmit a con- 
siderable quantity of calorific rays : on the other hand, sulphate 
of copper, which is of a blue colour, and strongly diaphanous^ is 
perfectly athermanous, 

§ 286. These striking differences in bodies of the same 
aspect, seem to arise rather from structure than from the chemical 
composition of the molecules, for a block of common salt, being 
divided into flakes, instantly arrests calorific radiation, and the 
transmissive power of water is only increased from eleven to twelve, 
by dissolving in it either alum or rock salt, two substances which 
in their solid state are at the opposite extremities of the scale of 
transmission. 

M. Melloni performed all his experiments with an apparatus of 
extreme delicacy, the construction and application of which con- 
stitutes not the least interesting part of his work : but such as have 
not a thermoscopic apparatus may easily satisfy themselves that 
rock salt transmits almost all the radiant heat that falls on its 
surface, by fixing vertically on the same stand a plate of this sub- 
stance, and a plate of glass or alum of the same dimensions, and by 
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bringing the stand quite close to the fire of a stove. If it be allowed 
to remain in this state for five or six minutes, the glass will become 
burning hot, while the rock salt, if applied to the most tender part 
of the hand, will produce no sensation of warmth. This difference 
may be rendered visible by placing a piece of wax on each of the 
plates ; that on the glass will soon begin to melt, while that on the 
salt will remain quite solid. 

The greatest part of the experiments may also be repeated by 
means of a large air-thermometer bent twice at right angles; 
between the blackened balls of which a stand is placed, for the 
reception of the source of heat and the intervening plates. The 
liquid will be depressed on that side on which the heat most freely 
radiates. 

§ 287. The results above detailed were obtained from the 
burner of an argand lamp; but M. Mellon! found that different 
effects were ])roduced from different calorific sources. The four 
which he compared together were the flame of oil without the 
interposition of glass ; platina wire kept in a state of incande- 
scence, by means of the flame of a spirit lamp, (both of which are 
luminous) ; a plate of copper heated to the temperature of 732®, 
and a vessel of thin copper blackened on the outside filled with 
boiling water, (both of which were non-luminous) ; some of the 
princi])al results are shown in the following table : — 


T ACL K X X X T . Of Diathermancy , 


Names of the iiiterj)()sccl siibstaiiees — 
common tlnclcncss, O.lOsJ. Jn. 

Nuked flame. 

Incandescent 

Platinum. 

Copper at 
7:W“. 

Copper at 

Kock salt 

1)2 

92 

• 92 

92 

Iceland spar . 

.31) 

28 

0 

0 

Mirror glass , 

39 

24 

G 

0 

Rock crystal (colourless) . 

.38 

28 

G 

0 

Ditto (smoky) 

.37 • 

28 

6 

0 

Citric acid 

11 

2 

0 

0 

Alum .... 

9 

2 

0 

0 

Pure Ice 

6 

1 

0 

0 

0 


§ 288. Thus it appears that rock salt, successively ex- 
posed to radiation from different sources, always transmits im- 
mediately the same quantity of heat, (and it is the only known 
substance whiclr thus acts.) A plate of any other diathermanous 
substance will, under the same circumstances, transmit quanti- 
ties less considerable in proportion as the temperature of the 
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source is less elevated : but the differences between one transmission 
and another, decrease as the plate on which we operate is more 
attenuated. Whence it follows, that the calorific rays from different 
sources are intercepted in a greater or less quantity, not at the 
surface and in virtue of an absorbent power varying with the tem- 
perature of the source, but in the very interior of the plate, and in 
virtue of an absorbent force similar to that which extinguishes 
certain species of light in a coloured medium. 

§ 289. In extending this observation to the solar rays, M. 
Mellon i found that the quantity of heat intercepted by increasing 
the thickness of the transparent medinni is greater for the less 
refrangible than for the more refrangible rays : that is, that while 
the thinnest possible pellicle would permit as much per cent, of the 
heat accompanying the red ray to pass through it as of the violet ray, 
if the thickness be increased, a much larger per centage of the former 
will be stopped than of the latter ; whence he concluded that the 
refrangibility of a heating ray is a measure of its intensity. The 
rays of heat which are separated by a common prism do not undergo 
the same action upon passing through a layer of water : the most 
refrangible rays, or those towards the violet end of the spectrum, 
pass undiminished ; while the less refrangible, or those in the red 
ray, arc entirely stopped by that liquid. Thus, the changes in the 
maximum of temperature in the solar spectrum, when different 
liquids were employed by Professor Seebeclv, are accoiintod for. 

§ 290. The refraction and constant transmission of the calo- 
rific rays from any source through rock salt being established, it is 
easy to see the use which may be made of this substance in carrying 
on the investigatton with regard to the nature of radiant heat. 
When formed into lenses and prisms, it will act upon calorific rays 
in a manner perfectly analogous to that in which optical instruments 
act upon luminous rays. The feeblest emanations may thus be 
concentrated to a focus, or propagated to a distance ; and in this 
manner we may, with the aid of a common differential thermometer 
with small balls, obtain very decided indications of the heat issuing 
from a vessel filled with tepid water and placed at a groat distance. 
It constitutes, to use M. Melloni’s expression, the true glam of 
radiant heat. All other transparent bodies arc but partial and 
incomplete transmitters of heat, totally intercepting calorific rays of 
a certain kind, just as coloured media intercept coloured rays of 
certain kinds. All examinations of the nature of solar heat with 
common prisms of glass, water, alcohol, &c., are necessarily as fal- 
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lacious as any attempt would have been to analyse solar light with 
])risnis formed of coloured glass. 

§ 291. Amongst the calorific rays of the sun there are some 
which have a resemblance to terrestrial heat, and amongst the calo- 
rific rays of flame some are found similar to the heat of the sun. 
The diflerences observed between solar and terrestrial heat, as to 
their properties of transmission, are therefore to be attributed merely 
to the mixture, in different j)roportions of several kinds of rays. 

The small quantity of heat which emerges from alum is abun- 
dantly transmitted by all diaphanous colourless plates, and suffers 
no appreciable loss when the thickness of the jdates is varied within 
certain limits; with regard to transmission, these rays in fact, bear a 
close resemblance to those of solar heat. They also resemble the latter 
in the decided influence Avhich colour has upon their absorption. When 
the rays of a naked flame were made to fall upon similar thermo- 
scopic surfaces covered with lamp-black, and Spanish white mixed 
with gum- water, the effect of the white, as compared with the blacky 
was as 80.5 to 100 ; and it was the same when a screen of rock-salt 
was interposed ; but when rays which had been previously passed 
through a screen of alum were employed, the effects were as 42.9 to 
100. Profossoi’ Powell has ascertained that colourless glass acts in 
the same way, though with somcwdiat less energy. 

§ 292. M. Melloni has remarked, that this specific difference 
in the rays of heat is manifest upon the great scale of natural phe- 
nomena in the differences of their absorption by snow. It has long 
been observed that snow, which lies near the trunks of trees and 
tul‘ts of shrubs, melts much more rapidly than at a distance from 
them. This is not owing to any ])roper heat of the vegetating 
bodies, for the same thing happens around dead bushes and dry 
poles ; and the greater the number of branches, and the smaller the 
twigs, the greater is their thawing influence. The effect commences 
on their south sides, and gradually extends by the west, till it 
reaches round to the north. Hence, it appears that it is due to the 
heat of the sun, directly communicated to the trunks and branches 
of Ihe trees, and then radiated from them to the surrounding surface. 
Up to the time of M. Melloni’s discoveries, it was quite impossible 
to account for this secondary radiation having more power than the 
primary one from which it was derived. He has, however, shown 
by the most decisive experiments, that the secondary rays from the 
trees are much more abundantly absorbed by snow and other white 
substances than the solar rays themselves. 


o 
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If the rays of a naked lamp be concentrated by a lens, and made 
to fall upon a thermometric surface covered with white lead, an 
effect will bo produced which may bo designated as 15°; but if a 
sheet of thick paper, of a deep grey colour, be interposed in the 
passage of the rays close to the thermoscope, the effect will rise to 
33°. Here we may suppose, that of 100 direct rays which fall upon 
the white surface, 10 only arc absorbed, and the rest reflected. 
When the paper is interposed it becomes itself heated, and radiates, 
perhaps, only 25 to the same surface; but of these, 5 only are 
reflected, and 20 absorbed. 

The different effect upon snowof rays of heat from different sources, 
may be shoMui by a still more direct experiment. Let a differential 
thermoscope bo placed between an Argand lamp and a blackened 
copper surface, heated by a spirit lamp to 752°, so as to be in eqtii- 
lihrio between them ; which may be effected by ap])roachiiig the 
instrument nearer to the feebler source of heat than to the other. 
Having ascertained the position of equilibrium, lot the theruioscoj)c 
be removed, and a tube divided into two by a diaphragm, and filled 
at each end with newly-fallen snow, bo exactly placed in its position 
with one face presented to each of the calorific sources. Notwith- 
standing the equality of the intensity of the heat, as measured by 
the thcrmoscope in this position, the snow in the tube opposed to 
the heated copper will melt much faster than that in the other, and 
will generally disa])pear in half the time. 

The cxj)eriment may be made still more simply by suspending 
over a surface of snow, and close to it, a disc of thin card, covered 
on both sides with lamp-black : if the rays of an Argand lamj) be 
made to fall upon it, the surrounding snow will be unaflected, but a 
cavity will be quickly thawed under the card. If the heated coj)])er 
plate bo now substituted for the lamp, the ])henomena will take 
place in the inverse direction; the melting of the snow will be more 
abundant in the parts exposed to the direct radiation than under the 
disc, so that in a short time there will be a protuberance in the 
latter situation instead of an excavation. 

In the first of these cases, the heated card emits rays much more 
absorbable than the direct rays of the lamp ; and hence it follows, 
that the snow is melted in much greater abundance under the 
shadow of the disc than elsewhere, notwithstanding the quantity 
of the heat is less. In the second case, when the calorific source 
and the card both emit rays of the same nature, and ecjually absorb- 
able, the disc must, by its interposition, diminish the effect of the 
direct radiation, and protect the snow in the part which it screens. 
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§ 293. With regard to the colour of different media, M. 
Melloni found that glass of the different tints of the prismatic 
spectrum acted in the same manner as colourless glass, but with 
diminished power ; with the exception of green glass (coloured with 
oxide of copper), which proved to be more transparent for the rays 
of small refrangibility (or emanating from a source of low intensity), 
than for those of greater refrangibility (or those from a more intense 
source). The difference between the quantity of heat from an 
Argand lamp and that from an incandescent spiral of platinum wire, 
was about half with all the kinds of glass except green ; but, in the 
case of green glasses, the difference was little or nothing. Hence, 
he concludes that green glass is the only kind which, so to speak, 
has coloration for heat ; the others acting upon it only as a more or 
less transparent glass of uniform tint does upon light. 

By passing the rays of the sun first through a stratum of water, 
and then through green glass, ho succeeded in sifting the whole of 
the heat from the light. The emerging beam had a greenish tint, 
but, when concentrated by a lens of rock-salt to the intensity of the 
original ray, had not the slightest effect upon the most delicate 
thermoscope. 

§ 294. The polarization of heat, though the experiments by 
which it has been demonstrated arc of a still more delicate nature 
than those which wo have just examined, rests upon as certain 
foundations as its refraction. Heat was first shown by M. Berard 
to be susceptible of this modification by reflexion. M. Melloni, 
however, failed at first in obtaining any indications of polarization, 
either by this means or by transmitting obscure radiant heat 
through plates of tourmaline. Professor Forbes succeeded in these 
experiments, and also showed that it may bo produced by plates of 
mica : and M. Melloni has since thoroughly investigated the sub- 
ject, and explained his previous failure. 

A great difficulty presents itself in studying the polarization of 
heat by tourmalines in their feeble calorific transmission, which 
varies with their quality. These differences depend upon tho 
diathermancy of each species of tho mineral; that is, they arise 
from different species being each permeable to a differently con- 
stituted calorific stream. Of every 100 rays transmitted by a pair 
of tourmalines with their axes parallel, about 22 disappear by cross- 
ing tho axes. This proportion suffers no very decided change in 
the rays transmitted by common glass, or glass of any prismatic 
colour except green, when it is reduced to When water, on 

tho contrary, is employed, the quantity of heat which is polarized, 

o2 
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after transmission, amounts to showing an analogous difference 
in the polarization of different kinds of heat to that which we had 
previously found in their refraction ; and in this presenting a marked 
distinction from the polarization of light. 

ElECI'BICITY. 

§ 295. We will proceed now to inquire into the nature and 
laws of those forces which wo have already indicated and named 
electrical^ from the electron or amber in which they were first 
observed by Thales, 600 years before the Christian era. The more 
striking phenomena of lambent flames upon the mast-heads of 
vessels in a storm, or lights upon the spear-points of soldiers, and 
the flash of lightning, had been also observed with feelings of 
dread and superstition, but were little supposed, in those early 
days, to have any thing in common with the alternate attraction 
and repulsion of minute particles of dust by this rare substance 
after it had been subjected to friction. It was not till 2200 years 
afterwards, that the same property of attraction, accompanied under 
favorable circumstances by flashes of light, was observed to bo 
possessed by glass, sulphur, and sealing-wax, and that the foun- 
dations of electrical science were laid by Mr. Gilbert. We are 
indebted to active observation or experiment for the whole of the 
superstructure ; mere passive observation, or common experience, 
having had but little influence upon its progress. Electricity is as 
widely diffused, as energetic in its character, and at least as 
important in the economy of the material universe, as heat itself; 
but its properties are more recondite ; raid necessity has not given 
to the human race that early command o^ or this power, upon which 
its very existence has depended in the latter case. Such a com- 
mand will probably result from the higher exercise of the intel- 
lectual faculties of man, and may be destined to requite his patient 
industry with the acquirement of power, of which only inadequate 
anticipations can, as yet perhaps, be formed. 

§ 296. It will be remembered that we traced the origin of 
heat to five principal sources ; and from four of the same sources 
we also derive the new force which we are about to examine; 
whilst analogy, as well as the uncertain results of vague experi- 
ments, lead us to believe that the fifth, or the solar rays, will 
hereafter be found capable of imparting this subtle influence. It^ is 
freely evolved by the mechanical action of heterogeneous sub- 
stances ; still more abundantly by chemical action ; it is a product 
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of animal organization ; and as electricity under certain conditions 
is capable of evolving heat, so heat, on the other hand, is capable of 
exciting electricity. Like heat, it adds nothing to, and subtracts 
nothing from, the weight of bodies in which it is excited ; but 
unlike heat, it is not opposed to cohesion, and does not increase the 
volume of homogeneous masses, or loose the chain which binds 
their particles together. It is capable of acting upon masses of 
matter in ojiposition to gravity, and it is also capable of the most 
energetic influence upon its constituent atoms. Every form of 
matter may be excited to its action, and it may be transferred from 
one portion of matter in which it has been called forth to another 
previously in a neutral state. 

Our i)resent purpose, which will lead us to inquire into the 
modes in. which this force distributes itself, Jind in which its equi- 
libruni is maintained amongst the particles of jionderable matter, 
or into the laws of Electrical Statics, will best be answered by 
confining our attention mainly to its mechanical devclopernent, or 
excitation by friction. 

§ 297. The apparatus we shall first describe is of extreme 
simjdicity, but the instruction which we derive from it is of the 
greatest importance. 

W e have already seen (§ 14) that if we suspend some light sub- 
stance, such as a feather or a pith-ball, by a silk thread, and then 
a])])roach it with a dry glass tube, which has been rubbed with 
silk, the suspended substance will be attracted to the glass tube 
from a distance, and adhere to it for a moment, but will afterwards 
recede from it ; and, after its separation, so far from the glass exert- 
ing any attraction upon it, it will strongly repel it from its surface. 
If wc substitute a stick of sealing-wax for the glass tube, and rub it 
with a dry warm flannel, wc may produce the same phenomena of 
attraction and repulsion upon a fresh feather; and in the same order, 
lint, now, if we present the excited wax to the feather which has 
received the repulsive property from the glass, or the excited glass 
to the light substance which is in a state to be repelled by the 
wax, strong attraction will be manifested in both cases. 

Moreover, we find from experiment that not only does the 
originally excited glass or wax attract or repel those light jwtions 
of matter, but they communicate by contact the same properties 
to them : so that two feathers, after having been attracted, will not 
only be repelled by the wax or glass, respectively, but will repel each 
other, and their component fibres will become self-repulsive : but 
two feathers which have received the property from the different 
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substances, thoue;h self-repulsivo, will strongly attract each other. 
This transfer of power, it must be observed, is very different from 
any process of original excitement (66). 

§ 298. Simple as are those phenomena, they comprise the 
first principles of electrical science. From them wo learn that the 
friction of glass and resin communicates to these substances a state 
of activity with regard to other bodies, which is similar in the two 
cases, but opposite in its nature ; that this state of activity once 
excited in them by friction, they are capable of communicating to 
other bodies by simple contact, and that it is manifested in all 
cases by the mutual repulsion of similarly active bodies, and the 
mutual attraction of oppositely active bodies. 

Now these two states of activity, it is obviously necessary to 
distinguish by some appropriate designation, and they might pro- 
perly be termed the 'tHreotis and resinous states from the two sub- 
stances which wore first observed to possess the power of communi- 
cating them. But in a subject so remote from the illustrations of 
common cx])ericncc as is that of electricity, it has been found 
necessary to do more than this: to adoj>t some hypothesis with 
regard to tho subtle influence thus called into action, which may 


(60) The annexed figure will convey an idea of the feather when 




in its natural state attracted by the excited glass, and when in an elec- 
trified state repelled from the similarly electrified rod. 
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serve as a clue to guide the student amongst the multiplicity of its 
phenomena. When he is informed that there are two such theories, 
upon which the facts may bo explained with equal probability, he 
will need no other caution to distinguish between the importance of 
tho facts and inductions, and the thread which is employed to 
string them together. 

§ 299. It was imagined by M. Du Fay, that the opposite 
electrical forces were peculiar to certain kinds of matter ; that they 
were referrible to two highly-elastic, imponderable fluids, tho par- 
ticles of which wore self-repulsive but attractive of each other ; and 
that one which he called the vitreous electricity was always elicited 
fi*om glass, and the other which he termed resinous electricity from 
resinous bodies. In the form in which the hypothesis of two fluids, 
which goes by his name, is now adopted, it is greatly indebted to tho 
obsci'vations and modifications of Mr. Symmer, who showed that 
when two bodies are rubbed together, both become excited; and tliat 
one of them always possesses tho vitreous, and tho other the resinous 
virtue. The two fluids exist in .all unexcited bodies in a state of 
combination and neutralization, when no electrical phenomena are 
aj)])arent. Friction occasions the separation of the two fluids, and 
the electrical .action continues till .an equal quantity of that kind of 
electricity which has thus been withdrawn from the other, has been 
restored and re-united with it. 

§ SOO. Dr. Franklin proposed a different .and no less 
ingenious explanation of electrical phenomena, in some respects 
more simple than tho preceding ; dependent also upon the properties 
of an imaginary highly cLastic fluid, which, upon his supposition, 
was single, and pervaded all matter. This fluid is self-repulsive, 
but .attracts the ultimate particles of matter, which the hypo- 
thesis further requires should be considered as self-repulsive when 
deprived of their natural portions of- the electrical fluid. The oppo- 
site states of clectric.al excitement, .according to this view, depend 
upon tho increase or diminution of this clastic fluid. When a glass 
tube is rubbed with a silk h.andkerchief, the electrical equilibrium of 
the fluid in the two substances is disturbed ; the glass acquires more 
tlian its natural quantity, and is overcharged : the silk retains less 
than its n.atural quantity, and is undercharged. Thus, electrical 
re]mlsion takes place between two bodies both of which contain 
more or less than their natur.al quantity of fluid, and electrical 
attj'actioii is only excited between two bodies, one of which con- 
tains more or less than tho other. 
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According to the theory of Du Fay, the two states arc denomi- 
nated mtreotis and resinous ; according to the theory of Franklin, 
they are distinguished Vif^positire and negative, 

§ 301. It is quite obvious that both these hypotheses cannot 
be true; and it is highly probable (indeed some of those best qualified 
to judge would say that it is certain,) that neither of them presents 
us with the real process or mechanism of the phenomena. The 
progress of science begins clearly to indicate that the whole class of 
electrical facts will one day be included in some higher generaliza- 
tion than cither of those by which they are at present grouped toge- 
ther; and indeed an attem])t has been made (and according to 
mathematicians, who are best qualified to judge of such high exer- 
cises of reason, not without success,) to connect, in one general 
theory, all attractive and repulsive forces, not excepting the 
universal force of gravity itself*. 

Such views, however, must not be presented to beginners in 
science, and probably it will not be in the present ago that the 
teacher wfill be able to dispense with one or other of the scaftbldings 
by the assistance of which the fabric of electrical science has been 
built up to its present dimensions and pro)>ortions. The hypo- 
thesis of two fluids has had the advantage of having been sub- 
mitted to mathematical investigation b}' M. Coulomb and M. Pois- 
son ; but even in the mathematical investigations it is easy to 
substitute one theory for the other by a very simple transformation 
of the forrauhe. 

In making the legitimate use of either theory to assist him in 
attaining clear ideas of the connexion of the phenomena, the student 
should never forget that such hypothetical fluids may have no real 
existence, and that tlie peculiar actions which he is called upon to 
contemplate may be referrible to powers with which matter may have 
been endowed, without the intervention of any such medium as has 
been imagined. Indeed, the late rapid advance of the science seems 
rather to countenance this more simple view of the subject ; and one 
of the greatest difficulties with which the teacher has to contend at 
present is a certain confusion of view and of language which almost 
necessarily attends this transition state. After this explanation, 
however, it is to be hoped that no difficulty will be felt at the indif- 
ferent employment of the terms vitreous and resinous^ or positive Vkwil 
negative^ to denote those peculiar states of matter by which the 
phenomena which have been just described are produced. 


Mosotti. Sur les Forces qui regissent la Constitution intcricure dcs Corps, 
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It is a necessary consequence of cither of the hypotheses which 
we have just stated, that one species of electricity can never bo 
excited without a simultaneous production of the other ; and, in 
fact, the opposite electrical states are ahva} .s such as exactly to 
neutralize each other in the rubber and the body rubbed. This 
conclusion is quite borne out by the results of experiment. Even 
witli the glass tube, and silk, we shall find that it is not only the glass, 
but the silk also, which after friction attracts the feather ; and after 
the feather has been repelled by one, it will be strongly attracted by 
the other. AVe shall presqjitly find more perfect means of demon- 
strating the exact equality of the opposite forces. 

§ 302. After either electrical state has been conferred upon a 
body, for instance, on the glass by friction, or on the feather by con- 
tact, it will very slowly return to its natural state in a dry atmosphere, 
unless it bo touched with some other substance ; but the nature of 
the substance brought into contact with it is ])y no means indifferent 
to the result. The naked hand will speedily remove the electricity, 
or any metallic body still more readily ; but dry glass, resins, silk, 
sulphur, will not prove effective. From this difference in their 
power of conveying or conducting away the electricity, bodies have 
been divided into two great classes of conductors and non-conductors. 
In the former, the clastic fluids arc supposed to travel with little or 
no impediment, and with a velocity infinitely exceeding that of tho 
similar propagation of heat, and only comparable with light itself; 
while in the latter their passage is obstructed ; they seem to adhere 
to their substance, and to be incapable of transmission from particle 
to particle. 

Although we may thus classify all substances into conductors 
and non-conductors of electricity, we shall, however, find tho two 
classes passing by insensible gradations one into the other. There 
is, in fact, a progressive order in which all bodies may be arranged, 
beginning with that substance which possesses either property in 
tho most perfect degree, and proceeding through the gradations of 
other substances to the opposite extremity of the scale. In the 
following Table, the left hand column commences with the most 
perfect conductors, and ends with the least perfect conductors ; the 
right-hand column commences with the least j)crfect conductors and 
ends with the most perfect : — 
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Table XXXII. Electrical Conduction. 


Conductors. 

Metals. 

Charcoal, plumbago, &c. 
Fused chlorides. 

„ Iodides. 

„ Salts. 

Strong acids. 

Alkaline solutions. 

Water. 

Alcohol. 

Damp air. 

Yegctable and animal bodies. 


Spermaceti. 

Glass. 

Sulphur. 

Fixed oils. 

Spirits of turpentine. 
Resins. 

Ice. 

Diamond. 

Shcll-lac. 

Oxalate of lime. 

Dry gases. 

Insulators. 


This distinction of bodies according to their conducting power 
regards them as masses ; it is probable that the constituent particles, 
whether of conducting or non-conducting matter, ai*e individually 
conductors, and capable, as such, of receiving a charge of electricity. 
In this distinction we are presented with a close analogy in the 
conduction of heat ; for the particles of alh’iform matter readily 
become heated, although heat travels amongst them by conduction 
with the greatest difficulty. 


§ 303. The instantaneous way in which electricity passes 
along a good conductor, and the advantage which may bo taken of 
the non-conducting power of bodies to prevent its’escape from sub- 
stances in which it may be required to confine it, may both be shown 
by a very simple experiment. Suspend a metallic wire of many 
yards in length by strings of white silk, from any convenient sup- 
ports, and hang to one of its extremities two strips of gold leiif, so 
that they may be parallel to each other, and neaily in contact : 
present any excited body to the other extremity, and the slips of 
gold-leaf will instantly repel one another, and diverge ; proving, 
whatever the length of the wire may be, that the influence is confined 
within its limits, and instantly pervades it from end to end. If the 
wire be now divided, and a connexion be made between its two ends 
by the smallest possible loop of silk, the electric fluid will be found 
incapable of passing through the interval of non-conducting substance. 
Wo thus make use of this difference in the conducting power of 
bodies for the purpose of insulation. By supporting good conducting 
substances upon non-conductorB wo can cause them to retain any 
electric charge which we may^i^mmunicate to theiir; they thus 
become cut off or insulated from any ready channel by which the 
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fluid might pass away, or attain to that state of equilibrium which 
it is always striving to effect. Without this power the electric 
forces could scarcely have been made the subjects of experimental 
investigation. 

When a non-conducting substance becomes charged either by 
friction, or otherwise, with electricity, it will only partially give up 
the fluid on its surface to a non-insulated conductor at the 
point of contact ; but a charged insulated conductor will instantly 
part with the whole of its charge. In the former case the fluid is 
supposed incapable of moving from point to point, while in the 
latter it will traverse any space in any direction without apparent 
obstruction. 

If, again, a small charged conductor, such as a brass ball, be 
brought in contact with a smooth plate of resin, a portion of the 
electric fluid will adhere to the resin at the point where the two bodies 
touched, but will spread itself only to a very minute distance round. 

§ 30i. It was foiTiicrly supposed that the two great classes 
of conductors and non-conductors might be designated as non-electrics 
and electrics: the former name denoting a capacity of electric 
excitement, and the latter a total incapacity ; but this distinction is 
(juite inaccurate. If we hold a rod or tube of metal in our hand, 
and rub it with a silk handkerchief, it is quite true that it will 
exhibit no signs of excitation. The reason is, that both our bodies 
and the metal being good conductors, the electrical fluid passes away 
as it is disengaged ; hut if we insulate the metal, — cut it off, that 
is, from communication with the hand by means of a glass handle, 
— wc shall find that upon friediou it will become electrical, like the 
glass or the resin. The friction of two metals together, provided 
l)oth bo insulated, will excite electricity; and if wc sift zinc filings 
through a copper sieve, provided with a glass handle, wc shall find 
that the sieve and the filings will be oppositely excited. 

§ 305. The mode of ascertaining the existence and nature of 
any electrical excitement is very simple. For this purpose we have 
recourse to a beautiful little instrument, called the gold-leaf elec- 
trometer. It consists of two slips of gold-leaf, suspended from a 
brass wire terminating in a small plate, wdthiii a cylinder of glass. 
The wire is insulated by the glass, a.iid more effectually by passing 
it through a glass tube, covered with a varnish of »hell-lac, and 
packed with silk. The leaves aroHmade to diverge by contact with 
some body in a known state of excitement, as with a stick of seal- 
ing-wax rubbed with woollen ; if the approach of the body, whose 
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6tate we wish to determine, cause the leaves to diverge still more, 
we conclude that it is resinously electrical ; if, on the contrary, they 
collapse upon its approach, it is a proof that it is in the vitreous 
state (C7). 

There is another mode which is still preferable to this, as afford- 
ing not only an indication of the kind of force which is recpiired to 
be tested, but also an accurate measure of its intensity. It consists 
of a needle of shelUac, suspended from a fine thread of spun glass. 
At one extremity of the needle is placed a small disc of paper, or 
other conducting substance; which, being thus insulated, is capable 
of receiving and retaining a charge. When another electrified body 
is brought near to this, the kind of electricity which has been com- 
municated to it being known, it will indicate by its attraction or 
repulsion, the species of electricity thus brought within its sphere of 
action ; and the intensity of the force may be measured upon a scale 
by the amount of torsion in the thread which may be required to 
bring the two repelling bodies into mutual contact (08). 

§ 306. Experiment has demonstrated that the same substance 
is not always similarly electrified by friction ; but that its electrical 
state is determined partly by the condition of its own surface and 


(67) Bcniiet*s gold-leaf electrometer is here represented ; the leaves 
being in a state of divergence from a charge which has been communi- 
cated to them. 

The improved mode of insulation introduced by Mr. Singer is shown 




in the section a. The wire to which the gold leaves arc attached passes 
through a glass tube packed with dry silk, and is covered by a brass cap, 
screwed to its upper end, by which it is protected from dust and damp. 

(68) The following cut represents Coulomhs torsion-electrometer, or 
electrical balance, u i is a thread of silk or spun glass, from which the 
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partly by the body with which it is rubbed. Thus flint-glass with 
a’ smooth surface, when rubbed with woollen cloth, becomes vitreously 
electric ; but if its surface be roughened, and it be rubbed with the 
same cloth, it will be resinously electrical. 

Smooth glass, rubbed with every substance which has been tried, 
except the fur of an animal, as a cat-skin, becomes vitreous : 
with a cat-skin, resinous. 

White silk rubbed with black silk, metals, or black cloth, is vitre- 
ous ; rubbed with paper, or the hand, resinous. 

Sealing-wax, rubbed with the metals, is vitreous ; with cloth, paper, 
or the hand, resinous. 

§ 307. It was first observed by Otto de Guericke, and 
Hawksbee, that the friction of glass and resinous substances not only 
produced the phenomena which we have just described, but, under 
favourable circumstances, was accompanied by a rustling or crack- 
ling noise ; and, when the cxj)criment was made in a dark room, 
by flashes and sparks of light upon their surfaces. When once the 
attention has boon directed to the observation, most persons will 
find that such phenomena of electrical light are familiar occurrences, 
and often present thoinselvcs in suddenly drawing oft’ from the 
person a silk stocking, or a flannel waistcoat, or in the friction of 
long hair, by combing. How small a degree of friction is sufficient 
to excite electricity in the human body, is sliQwn in a striking way 
by placing a person upon an insulating stool with glass legs. If in 
such a position he place his finger upon a gold-leaf electrometer, and 


needle of sliell-lac, r, is suspended. It is attached 
to the screw, 6, by which it can be'twdsted round 
its axis. The needle carries a gilt hall of pith, or a 
disc of paper, at one extremity, which is balanced 
by a counterpoise at the other ; is a metallic >virc 
passing through the glass shade, and terminated by a 
metallic ball at each end. The ball of the needle 
and the interior brass ball of the wire are brought 
into contact by turning the screw, />, and the index 
then points to 0 on the scale, which is marked upon 
the circumference of the glass. 
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another person flip him lightly with a silk handkerchief, the leaves 
will immediately repel each other. 

§ 308. We may now proceed to describe the means of 
producing these effects upon a large scale, and the different modes 
which have been devised of exciting, collecting, and measuring the 
electric fluids. 

The electrical machine, as it is called, whatever form it may 
assume, resolves itself into a more or less perfect way of applying to 
glass the friction of silk, or some other dissimilar substance, as in 
our fundamental experiment, and of drawing off* the electricity as it 
is excited, and collecting it in a good insulated conductor. In 
machines of the more perfect construction, not only is the vitreous 
electricity collected in what is called the prime conductor, but the 
resinous also is accumulated by insulating the rubber, and con- 
necting it with a metallic cylinder (69). 


(69) This figure represents the cylinder electrical machine ; a is 
a glass cylinder, properly mounted, to turn upon two stout glass pillars, 



B B, strongly fixed upon a wooden frame. It is made to revolve rapidly, 
by means of the multiplying wheels, l and k. c c are two brass cylinders, 
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Experience has shown that the most effective exciter of glass 
is a metallic substance ; and when a soft amalgam of mercury, tin, 
and zinc, is spread upon the rubber, it forms a flexible metallic 
surface which is perfectly adapted to the purpose and greatly 
heightens the effect. The best proportions of the metals have been 
found to be one part of tin and two of zinc, fused together, and 
mixed whilst fluid with six parts of mercury. The mixture must 
then be triturated in a mortar, with a little lard, to the consistence 
of a thick paste. When large cylinders, or plates of glass, are made 
to rotate by convenient mechanical means, pressing against cushions 
covered with this metallic coating, they are capable of producing 
all the phenomena of attraction and repulsion in a high degree, and 
their state of intense excitement is accompanied by flashes and 
sparks of brilliant light, and a crackling sound (70). 

When the prime conductor is placed in its proper position it receives 
from the glass, without contact with it, a charge in the form of a stream 
of fire, which, whatever may be the size of its surface, rises to nearly 
the same intensity as that of the original source ; and which being 
thus acumulated in quantity will wholly pass off at once to any 
uninsulated conductor, or will instantaneously divide itself with an 
insulated one, by means of a dense spark. Similar phenomena may 
1)6 obtained with the conductor attached to the rubber; but to 
obtain the highest effect from either, it is necessary to make a good 
conducting communication from the other to the ground. The 
reason of this is, that when the two electricities are in presence of 
each other they counteract and limit each others intensity: by 
connecting either conductor with the earth, its charge is spread 
over an indefinitely large surface, and virtually annihilated. That 
the two conductors are in opposite electrical states is easily proved 
by sus[)endiug from each some light substances which will strongly 
attract each other when charged: and that the two charges are 


supported upon the two glass pillars, D D, in a position parallel to the 
glass cylinder; to one of these a cushion, P, with a silk flap, g, is 
attached, which is made to press against the glass by a spring, its 
distance being capable of adjustment by means of the screw, ii. The 
opposite brass cylinder has a row of points attached to it, to which the 
silk flap, o, extends. The latter goes by the name of the prime con- 
ductor, or the positive conductor; the former is distinguished as the 
negative conductor. 

(70) The Plate Electrical Machine is figured in the next page, A is 
a circular glass plate, mounted upon a brass axis, and ttuning in a stout 
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exactly equal is shown by making a good metallic communication 
between the two, w^hen all signs of excitement will cease in both. 

§ 309. And now, it may be asked, where does the charge 
reside in a good insulated conductor? does it diffuse itself, like heat, 
throughout the whole of its substance ? or is it confined merely 
to its surface ? That it is merely superficial is susceptible of proof 
in several ways. If we take a solid globe of metal, and electrify 
it to a certain amount, and then bring it in contact for a moment 
with a globe of similar dimensions, made of the thinnest shell of the 
same metal, we shall find that the charge will distribute itself 
equally between the two. If we take a hollow sphere, with an 
aperture at its upper part, and having given it a charge of elec- 
tricity, touch its interior with a small insulated ball, upon bringing 
this proof-ball in contact with an electroscope we shall find that 
it will afford no signs of having received a charge; but, on the 


wooden frame, by means of the handle v ; as it revolves it passes between 
two pair of cushions, nn, which are pressed lightly against it, by means of 
screws ; c is the brass prime conductoi*, supported upon the stout glass 



arm, d; it is armed at its two extremities, which are opposed to the 
plate, with two rows of points which meet the ends of the two silk flaps, 
E E, which are attached to the cushions, n b. 



* disthibution op charge. 

contrary, if we touch the exterior of the sphere, it will carry away 
a part of the charge with it, and affect the instrument. 

How much the intensity of the electric charge depends upon 
tlie surface may also be very elegantly shown by means of a metallic 
ribbon, coiled up by a spring, upon the top of a gold-leaf electro- 
meter. When this apparatus is electrified the leaves, of course, 
repel one another in proportion to the charge wdiich they receive. 
If the ribbon be now drawn out by a silk thread, or other insulating 
handle, the leaves will approach each other in proportion to the 
enlargement of the surface over which the electricity becomes dif- 
fused ; and as it again coils itself up they will expand to their original 
amount. Here it is seen that the quantity of the charge remaining 
the same, its intensity decreases with the increase of the surface over 
which it is suffered to diffuse itself, and that the quantity of electricity 
which a given portion of matter may receive, depends upon the 
dimensions of its external surface. 

§ 310. The next question which presents itself is, how does 
the electricity arrange itself around surfaces of different forms ? in 
a layer of equal intensity in every part, or otherwise ? This question 
is readily submitted to experiment, by means of a small insulated 
disc, which being applied to any part of the surface of an electrified 
conductor, becomes virtually a part of that conductor; and, upon 
being removed, carries with it a portion of the charge having the 
same intensity as that of the point to which it was applied, and 
wdiich may be measured by the torsion electrometer. 

In this way it has been proved that in the case of an electrified 
s])here, the intensity is the same at every part of the surface ; — but 
this is the only form of surface upon w^hich this equal distribution 
takes place. If two similar spheres be placed in contact wdth one 
another, it will be found that there are two points of greatest and 
equal intensity on their o])positc sides, in a line with their points of 
contact wdicre the force will be null. So in a cylinder, or bar of 
metal, the electrical intensity will be much greater at the tw^o 
ends than in the middle, and this inequality of distribution will 
increase very rapidly in proportion to the diminution of the diameter 
of a cylinder of given length. 

If two balls of unequal diameters be placed together, the 
maximum intensity of the extreme point of the smaller sphere will 
be higher than that of the corresponding point of the larger ; and 
by adding a series of balls in contact wdth each other, all gradually 
decreasing in size, the intensity will increase upon the smaller as 
the diameter decreases. We can conceive a succession of such 


p 
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balls gradually diminishing till the series ends in a mere point, at 
which the electric tension will be at its maximum. In conse- 
quence of this law of distribution, a powerful dispersion of electricity 
takes place from all bodies of a pointed form ; the intensity upon 
them increasing to such an extent that the surrounding insulating 
medium of air gives way before it, and no longer suffices to con- 
strain it. 

§311. Our attention has hitherto been directed to the 
electricity which is developed upon the surfaces of two dissimilar 
substances by mutual friction; or wliich has been transferred to 
other bodies from such excited substances by contact and direct 
communication. We have now to examine a remarkable influence 
which an electrified body exerts upon other bodies at such distances 
from it as prevent the direct transfer of any portion of the charge. 
The neutral state of an insulated conductor in its immediate vicinity 
will be destroyed. If it be in the form of a cylinder, furnished with 
electroscopes at each extremity and also at its centre, when one end 
is placed near the charged substance we shall find the two extreme 
electroscopes indicating electrical activity, while the centre remains 
quiescent. Upon slowly withdrawing the excited body, these secon- 
dary electrical signs gradually decrease, and finally disappear upon 
its complete removal or discharge. Upon examining, by the proof- 
plane and torsion electrometer, the kind of electricity developed by 
this distant influence, we shall find that the end of the cylinder, 
wliich is the nearest to the originally charged body, is in an opposite 
state to that body, and the furthest end in the same state; that 
the cylinder has, in fact, had a polar state communicated to it (§ 15). 
This distant action of an electrified body, by which its own charge is 
in no degree lessened, is distinguished by the name of induction : 
the secondary state of the neighbouring body is called induced elec- 
tricity : and the body itself is said to be under induction. Further, 
the originally active body is conveniently distinguished as the indue- 
trie or inductixe body, and that under its influence, as the indiicteous 
body (71). 

§ 312. If, whilst in a state of electric induction, that end of 
the cylij^der which is most remote from the inductric body, have its 
electricitjr discharged by a momentary contact with an uninsulated 


(71) Let a represent an electrified ball, and 5 c an insulated 
metallic cylinder, near it, the feather attaclied to the end, 5, will be 
attracted, and show that it is in an oppefeite state to that of the charged 
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conductor, upon removal of the inductric body, or its discharge, the 
cylinder will be found to be permanently electrified with the contrary 
electricity : or if the cylinder be divisible into two at its centre, and 
while under induction the opposite ends be separated from each 
other, one will be found permanently electrified vitreously, and the 
other resinously, upon removal from the influence of the originally 
charged body* In the theoretical language of Du Fay*‘s hypothesis, 
the fluid of opposite name to that of the originally excited body is 
drawn to that extremity of the cylinder which is the nearest to 
it, while that of the contrary name is repelled to the greatest 
distance. When the latter is withdrawn, and the induction 
destroyed, it cannot return to neutralize the former, which conse- 
quently remains in an active state. 

This polar state may be excited in a long series of insulated 
conductors, by induction ; the intensity, however, of the forces 
decreasing rapidly as the distance from the originally charged body 
increases. Throughout the system the vitreous pole, or end, of one 
will be opposed to the resinous pole of another and the intensity of 
all will rise by connecting the last with the ground. 

§ 313. Having thus distinguished these different kinds of 
action into which electricity has been conventionally subdivided, 
we may now proceed to examine more closely the mechanism of 
the phenomena ; for an explanation of which we are wholly indebted 
to the recent researches of Dr. Faraday. Up to the date of his 
discovery, the phenomena of induced electricity wore supposed to 
arise from an action of a charged body upon others at a distance, 
in straight lines, through non-conducting media; the particles 


ball. If d e be a second insulated cylinder, placed near the first, it will 
also show signs of electrical charge, and the extremity, will be in 
an opposite state to end, c, of the first cylinder, for the feather attached to 



the two will attract each other. Upon removing the ball, a, from the 
vicinity of the first cylinder, or upon discharging it, all signs of electricity 
in the two cylinders will disappear* 
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of which were assumed to be unaffected by it. He has showil 
induction, on the contrary, to be an action of contiguous particles 
throughout, capable of propagation in curved lines, and to be con- 
cerned in all electrical phenomena ; having in reality the character 
of a first essential, and fundamental principle. 

§ 314. We have seen that one electric force cannot be produced 
without an exactly equal development of the other ; and upon more 
attentive examination we shall find that no kind of matter, either 
conducting or non-conducting, is capable of receiving a charge in any 
way of one kind of electricity independently of the other, or without 
calling forth an equal amount of the opposite force in adjacent 
bodies. It was formerly supposed that the electric fluid was con- 
fined to the surfaces of bodies by the mechanical pressure of the non- 
conducting air, in the midst of which all our experiments are carried 
on ; but the fact is, that the electric force originating or appearing 
at a c^ain place, is propagated to, and sustained at, a distance, 
through the intervention of the contiguous particles of the air, each 
of which becomes polarized as in the case of insulated conducting 
masses, and appears in the inducteous body as a force of the same kind 
exactly equal in amount, but opposite in its direction and tendencies. 

Such a forced arrangement of the molecules cannot be made to 
appear to the eye in the case of the air, but is established by the 
most perfect inductive reasoning; and a similar disposition may 
actually bo exhibited by substituting a liquid non-conductor for the 
air under similar circumstances. If we take a tall, wide-mouthed 
glass vessel, and place it upon the priine-conducter of the electrical 
machine, taking care that there may be a good metallic communica- 
tion through its bottom, and then fill it with spirit of turpentine 
containing some threads of white silk about one-eighth of an inch 
in length disseminated through it, they will be little affected upon 
turning the machine till a metallic conductor is held near the 
surface of the liquid. Upon presenting, however, such a body, they 
will immediately erect themselves, and collecting from all parts, 
will attach themselves to each other end to end, and form a con- 
tinuous chain from the conductor to the exterior metal, towards 
which they will always incline as it is moved in different directions. 
These particles will adhere together with considerable force, as may 
be felt by touching them with a rod of glass ; but the moment the 
conductor is discharged, they fall upon their sides, and sink to the 
bottom. 

Now these solid threads of silk accurately represent the fluid 
particles of the spirit in which they float, or of the air which is 
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interposed between a charged conductor and surrounding bodies, 
arid obviously assume a polar state, exactly resembling that of insu- 
lated conductors in similar circumstances (72). If, instead of silk 
threads, we occasion particles of gold-leaf to float in the spirit of 
turpentine, there semblance will be perfect ; for, on approaching them 
with a rod of metal, when the conductor is charged, they immedi- 


(72) In the annexed diagram, let a represent an insulated electrified 
ball placed within an uninsulated metallic sphere, abcd^ filled with a 
non-conducting medium, whose particles are represented by the small 
included circles. These will be all thrown into a polar state, indicated 
by the shading, resembling the silk particles in the spirit of turpentine : 
their dissimilar poles will Be all turned towards the ball a, and in this 
way their combined influence will be thrown upon the metallic sphere, 
abcd^ wdiich will thus have a force of the opposite kind to that upon A, 
developed upon it, of exactly equal amount, but diflused over the larger 
surface. It is conceived that the polarized particles are capable of 
aficcting each other, not only in straight lines as in the quadrant a B c, 
but in lines diverging from their centres, as shown in the quadrant Aba, 


o 
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ately start on end as if endued with life, assume the polar atate, 
attract each other end to end, but owing to their perfect conduction, 
discharge their electricity by minute sparks. 

Each polarized particle is in active relation, not only to a line of 
particles in some definite direction from it, but to all those which 
are contiguous to it. Hence, there is a lateral diffusion of force, 
and the linos of inductive action, when unobstructed, tend to spread 
as from a centre; or may assume a curved direction when any 
obstacle opposes their free radiation (73). 


(73) In consequence of the lateral action of the particles upon one 
another, if bo be an obstacle interposed in the course of the induction 
from Aio ab c the particles 1 2 3 4 5 6 7 will be protected from the 
influence, but the induction will aflect the particle 8, by the bending of 
the lines of force on each side of it. 


b 



The particles 1 2 3 4 5 6 7 themselves, although here represented 
in their natural state, will be affected by a reflex action ; but will be 
polarized to a much lower degree than those within the influence of the 
direct action. 
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i 816. Tho reason of the residence of all the electricity upon 
the exterior surface of a charged body, and of the influence of the 
form of the body upon its distribution, will readily appear from con- 
sidering this inductive process. No charge can be sustained in the 
interior of the globe in which we sought it in a previous experiment 
(§ 309), in consequence of opposing actions in different directions 
(74); but if, instead of touching it with a small insulated ball which 
brought away no electricity with it, we touch it with an insulated 
rod, a part of which projects beyond the sphere, a charge will be 
obtained. 

Dr. Faraday constructed an insulated cubic room of twelve feet 
in the side, into which he went with all his apparatus of lighted 
candles, electrometers, and all other tests of electrical states, and 
could find no influence upon them, although the room itself was 
highly charged by a powerful electric-machine, and large sparks and 
brushes were darting off from every part of its outer surface. 

The arrangement which strips of conducting substjrfSlces tied 
together and electrified at one end assume, indicate very clearly 
the direction of the lines of induction, and the influence of sur- 
rounding objects. Strips of paper placed upon a long rod in con- 
nexion with the prime-conductor of the machine, in tho centre of a 
lai-ge apartment, will open out equally like radii from the centre of 
a sphere ; but if any conducting body be approximated to them in 
their charged state, they will incline towards it from the concentra- 
tion of tho force upon its nearer surface (76). 

(74) Thus, referring hack to Fig. 72, if we suppose abed to be a 
hollow sphere charged with electricity, an insulated ball, a, introduced 
into it, and touching it in any part, could receive no charge, because 
being surrounded by a surface in one electric condition, it could not 
induce the opposite state by polarizing the surrounding air, by which 
alone a charge could be sustained. This will be obvious at once, by sup- 
posing the ball, A, shaded the same as the 
circle, a h c d, to denote a similar state of 
electricity, when the polarized state of the 
particles represented in the diagram would 
be seen to be impossible. 

(76) This is illustrated by the ridicu- 
lous figure of the head of hairy which is 
a common electrical experiment. When 
electrified, the hair stands on end ; and each 
fibre, as if in a state of repulsion from its 
neighbour, is attracted by, and radiates to- 
wards, the point which is nearest to it in the 
oppositely induced state. 
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Even the prime-conductor of the electrical machine itself may 
be of such a construction as to afford proofs of no electrical charge 
upon some portions of its surface, while strong sparks may be drawn 
from others. If we place eight or ten metallic rods upon it, each 
terminated with a ball, and all diverging from one common centre, 
strong sparks may be drawn from each extremity while the surfaces 
of any of the interior rods of the group may be tested with the proof- 
plane, and will give no indications of charge. 

§ 31 G. The known influence of simple form to which we 
have already referred (§ 310), is perfectly consistent with the new 
corpuscular view of induction. An electrified cylinder is more affected 
by the influence of the surrounding conductors (which are neces- 
sary to its charge) at the ends than the middle, because the ends 
are exposed to a greater sum of inductive forces than the middle ; 
and a point is brought to a higher condition than a ball, because by 
relation to the conductors around, more inductive force terminates 
upon its surface than on an equal surface of the ball with which it 
is compared (76). 

§ 317. Induction requires no sensible thickness in the con- 
ductors which may be used to limit its extent ; an uninsulated leaf 
of gold may be made very highly vitreous on one side, and as highly 
resinous on the other, without the least interference of the two states 
whilst the inductions continue. But with regard to the insulating 
media, their thickness has an immediate and im))ortant iiifluciicc 
on the degree of induction. There is ])erha])s no distance so great 
that induction cannot take place through it; but with the same 
original charge or constraining force, it takes place the more easily 
according as the extent of the medium through which it is exerted 
is lessened. The particles of the latter, though thrown into a forced 
condition during the action, tend to return to a normal state ; and 
the fewer there are exerting this tendency, the higher will be the 
condition they assume, and the larger the amount of inductive action 
exerted through them. 

(76) Our comprehension of this statement may perhaps be assisted 
by again referring to Fig. 72. The charge of the ball, a, as we have 
already explained, is sustained by induction, and the contrary state of 
the surrounding sphere, abed. If, instead of the ball a, we imagine a 
point to be introduced, it will be obvious that all the lines of force indi- 
cated by the polarized particles, which were disturbed over the surface 
of the ball, would be concentrated upon the point, and that consequently 
the latter might rise to a higher degree of intensity than the former. 
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§ 318. If an insulated brass-plate be connected with a gold- 
leaf electrometer, a charge of electricity may be cornumnicated to 
it which will be sustained in consequence of induction through the 
air towards distant surrounding objects, and its intensity will be 
indicated by the divergence of the leaves : this divergence, it being 
now understood, not arising from any self-repulsive property, but 
from the attraction in opposite directions of the oppositely electrified 
inducteous bodies uncompensated by any attraction between them- 
selves. When in this state, if another equal plate, also insulated, 
be opposed to it, as it is made to approximate to it the leaves of the 
electrometer will fall ; the process of induction being directed almost 
wholly tlirough the thin intervening stratum of air to the nearer 
body, which will itself be in the polar state. If the second plate be 
now uninsulated by connecting it with the ground, the leaves will 
still further collapse as the electricity of the same kind with that of 
the inductric body will bo virtually annihilated by diffusion over 
the indefinitely large surface of the earth. When the second ]>lato is 
again withdrawn, the leaves will reopen to their former extent, indi- 
cating that the inductive process has resumed its former direction. 

§ 319. The inductric plate, whilst under the influence of the 
second plate, is capable of receiving a higher charge of electricity, 
and the leaves of the electrometer may be made to open out to the 
same amount as in the absence of the latter ; for the charge will not 
only be sustained by the inducteous plate, but also by surrounding 
objects as before it was placed in its position. When, under these 
circumstances, the second j)late is again removed : the accumulation 
which has been effected will be indicated by an expansion of the 
leaves far beyond their original amount, the whole being now 
thrown upon the surrounding conductors. 

This is the principle of the action of an instrument which has 
been called the condenser^ by which small quantities of electricity 
may be accumulated and rendered apparent (77). 

(77) One form of the condenser is 
exhibited in this figure, in section ; ^ is a 
brass plate supported upon a glass stem ; 
a is another brass plate of the same size 
as the former, capable of being placed as 
close to it as possible without touching. 

It is supported by a brass stem, which 
moves upon a hinge joint: it is shown 
in a second position at c. 


a 




218 


ELECTRICAL ATTRACTION. 


§ 820. The attraction of bodies free to move, by others in an 
electrified state, is in all cases owing to the previous development 
of the opposite condition by induction. This is beautifully shown 
in an arrangement of Mr. S. Harris, in which a circular plate of 
gilded wood is suspended by insulating threads from one of the arms 
of a delicate balance, and counterpoised. Upon its upper surface is 
fixed, by a hinge-joint, a small lever of straw terminating in a pith- 
ball. When a similar plate charged is brought under this suspended 
plate, the pith-ball indicates by its repulsion the inducteous state 
which precedes the descent of the plate from the attractive force. 
When they come in contact, the original charge is divided between 
the two plates, and mutual repulsion appears to take place. This 
apparent repulsion again is dependent upon the attraction of each in 
opposite directions, by the inductric action which it exerts upon sur- 
rounding bodies. 

A pith-ball, or other light substance, placed upon a conducting 
surface under an electrified plate, is rendered inducteous, and drawn 
upwards ; but when it comes in contact with the plate its induc- 
teous state is destroyed, it is charged with similar electricity, and 
becoming inductric, it is attracted downwards, arid parts with its 
charge. 

In a similar way induction always precedes charge in insulated 
conductors, and the prime-conductor of the machine' has the resinous 
state strongly elicited upon its points previously to its becoming 
charged with the vitreous electricity of the excited glass. 

§ 321 . There is another instrument of electrical research, 
called the electrophorm^ which is well calculated to illustrate several 


A condenser, similar to that in the preceding figure, is here shown in 
connexion with a gold-leaf electrometer. 
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interesting points of the process of induction* It consists of a 
plate of resinous matter about half an inch thick, placed upon a 
plate of metal. A second polished metal plate of rather smaller 
diameter, is fitted with a glass insulating handle, by which it can be 
lifted on or off the upper surface of the plate of resin. When the 
resin has been excited by gentle friction with dry fur or flannel, and 
the plate placed upon it by its handle, and immediately removed, 
it will be found to have received a very feeble charge of resinous 
electricity by contact. If it be then replaced and uninsulated by 
contact with the finger or a metallic rod, and again lifted by its 
insulating handle, it will be found to give a strong spark of vitreous 
electricity. This process may be repeated an unlimited number of 
times without requiring any fresh excitation of the plate, which cir- 
cumstance, as well as the opposite nature of the charge, shows that 
the electricity of the moveable plate is not derived in the* way of 
charge from the resin, but is the result of the process of induction. 
The metallic plate cannot, in fact, be considered in absolute contact 
with the resinous, owing to the inequalities of the surface of the 
latter : the former, therefore, is precisely m the state of a conductor 
opposed to, but not touching, an electrified surface ; and therefore 
capable of being rendered electrical by induction, when uninsulated 
by contact of the finger. As the resin loses but little of its 
acquired charge by each contact, the instrument is capable of being 
used as a permanent source of electricity always at command, and 
in a dry atmosphere will remain in action for many successive 
months (78). 

§ 322. When the electrophorus is placed upon an insulating 
stand, its lower plate is always found in an opposite state to the 
upper one ; proving that the friction of the upper surface commu- 
nicates a polar state to all the particles of the resin which penetrates 
even through its mass. This charge it is necessary to remove by 
contact with an insulated substance, to give full effect to the opposite 
charge upon the upper plate. 


(78) This figure represents the 
electrophorus. a a are two metallic 
plates, and h a plate of resinous matter. 
The upper metallic plate has an insu- 
lating handle, c, by which it can be 
lifted from its position, and replaced. 
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§ 323. It was by an apparatus constructed upon similar prin- 
ciples that Dr. Faraday brought to the test of experiment his 
theoretical anticipation that, inductive action taking place invariably 
through the intermediate influence of intervening matter, would be 
found to bo exerted, not in the direction of straight lines only, as 
had always been assumed, but also in curved Fines. A cylinder of 
solid shell-lac of about an inch in diameter and seven inches in 
length, was fixed in a wooden foot; it was made concave, or 
ciij>ped, at its upper extremity, so that a brass ball, or hemisphere, 
coiild stand upon it. The upper half of the stem having been 
excited rcsinously by friction with warm flannel, a brass ball was 
placed upon the top, and then the whole arrangement examined by 
the carrier ball and Coulomb’s electrometer. 

For this purpose the carrier was applied to various parts of the 
ball, the two were uninsulated whilst in contact, or in position, then 
insulated, separated, and the charge of the carrier examined, as 
to its nature and force. Of course whatever general state the 
carrier acquired in any place where it was uninsulated, and then 
insulated, it retained on removal from that place, and the distri- 
bution of the force upon the surface of the inducteous body while 
under the influence of the indiictric was ascertained. The charges 
taken from the ball in this, its uninsulated state, were always 
vitreous, or of the contrary ch§,racter to the electricity of the lac. 
When the contact was made at the under part of the ball, the 
measured degree of force was 512° ; when in a line Avitli its equator, 
270®; and when on the toj) of the ball, 130°. 

Now, the first tw’o charges were of such a nature as might 
1)0 expected from an inductive action in straight lines; but the 
last was clearly an action of induction in a curved line ; for during 
no part of the process could the carrier-ball be connected by a 
straight line with any part of the excited and inducing shell-lac. 
To render the experiment still more decisive, the carrier-ball was 
not placed in contact with the larger ball at all, but a little above 
it ; when, having been uninsulated, insulated, and afterwards exa- 
mined, it was found charged vitreously, and even to a higher degree 
than when it had been in contact (79). 

§ 324. If instead of the ball a disc or hemisphere of metal, of 
two inches diameter, be used, no charge will be given to the carrier 


(79) The shell-lac electrophorus, with the brass ball upon its 
summit, is here exhibited, together with the positions of the carrier- 
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when placed on its centre ; but when placed considerably above the 
same spot, a charge will be obtained ; and this even if the plate be 
merely a thin film of gold leaf. Plence it is clear that the induction 
is not through the metal, but through the air, and that in curved 
lines, by which it turns the corner of the plate. The course of the 
inductric action raay-thus be disturbed from its rectilineal direction 
by the shape and position of the metallic plate ; and the lines of 
direction will assume a curved form in consequence of their lateral 
tension on one another ; all depending, as Dr. Faraday conceives, 
on induction being an action of the contiguous particles of the 
insulating body, thrown into a state of polarity and tension, and 
capable of communicating their forces in all directions ( 80 ). 

When uninsulated conducting matter was brought near to the 
excited shell-lac stern, the inductive force was directed towards 
it, and could not be found on the top of the plate. The lateral ten- 


ball, referred to in the text. When placed at e/, 
the elFcct produced was 512°; at c, 270°; at 
130°. Even in the position e, the proof ball be- 
came inducteous, and at a it was eftected in the 
highest degree, and gave a result above 1000'^. 



(80) When the carrier-ball was placed in 
the respective positions delineated in the figure 
at iy the force was 112®; at A*, 108®-; at /, (55®, 
at 7w, 35® ; the inductive force gradually diminish- 
ing to this point. But on raising the carrier to 
the position, w, the charge increased to 87®, and 
on raising it still higher, to o, it still further in- 
creased to 105°. At a higher point still, p, the 
charge decreased to 98®, and continued to diminish 
for more elevated positions. 

The analogy between these experimental re- 
sults, and the theoretical deductions represented in 
Fig. 73, will be at once perceived. 
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sion, or mutual repulsion^ of the lines, was so much lessened, that no 
inducteous charge could be given to the carrier-ball in that position; 
but upon removing the matter, the lines of force resumed their 
former direction. 

§ 325. The phenomena of induction, which we have been 
examining, we have considered principally as produced by the 
intervention of the aerial molecules of our atmosphere : we must 
now enter upon a closer investigation of the inductive properties of 
other insulating media. We have already found that liquid oil of 
turpentine is capable of undergoing the same polarization of par- 
ticles ; and we have had reason to conclude from one of the proper- 
ties of the electrophorus, that resinous solids are susceptible of the 
same forced arrangement under the influence of an excited charge. 
All insulating substances, or substances which are capable of this 
peculiar development of the two opposite electrical forces, whether 
solid, liquid, or aeriform, Dr. Faraday classes together under the 
name of dielectrics. 

§ 326. We have seen (§ 31 9) that by approximating a metallic 
plate to a charged conductor, so as to leave an intervening portion of 
air, the conductor is capable of receiving a higher charge, and the 
air of assuming a higher polar tension, than when the charge is 
sustained by distant objects in ordinary circumstances. The tension 
increases with the thinness of the aerial stratum, and is in inverse 
proportion to the squares of the distances of the two plates. It 
is necessary to the attainment of tho maximum effect that the 
second plate be uninsulated; that is to say, that it be prevented 
itself from assuming the polar state by the annihilation of its 
remoter associate force, by the reaction of which tho induction would 
otherwise be limited : or, more accurately speaking, by allowing it 
to diffuse itself over the indefinitely largo surface of the earth, thereby 
proportionately lowering its tension. The rise of tho force, under 
these circumstances, is ultimately limited by the mobility of the 
particles of the air, in consequence of which the equilibrium is 
restored either silently or in the form of a spark. 

But if a solid dielectric be substituted for the air, the state of 
tension is capable of rising to a degree limited only by its cohesive 
force. Thus, if a plate of glass be coated on both sides with tin- 
foil, within an inch or two of its edge all round, and one side be 
Jdaced in connexion with the prime conductor of the electrical 
machine, we shall have an exactly similar arrangement to that of 
the two plates of tho condenser, with its interposed stratum of air. 
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Upon connecting the opposite coating with the gronnd to destroy its 
polar state, the particles of the glass are forced into a polarized or 
constrained condition by the electricity of the charging apparatus ; 
which is sustained till the return of these particles to their natural 
state from their state of tension, whenever the two electric forces 
are allowed to neutralize themselves by some other channel, as by 
the interposition of a good conducting body between the coatings. 
The quantity of force which may be thus accumulated may, in 
some degree, be estimated by the number of turns which it may be 
necessary to give the machine before the intensity, as measured by 
the electrometer, rises to the same degree as that which is almost 
instantaneously communicated to the conductor, when the charge is 
sustained alone by the inductive medium of the air to surrounding 
objects, and will be found to be in proportion to the coated surface 
of the glass (81). 

§ 327. There is no difficulty in perceiving that the opposite 
surfaces of the dielectric and conductors may be arranged in different 
forms without impairing the effects; and experience has proved 
that coated jars or bottles are the most convenient for extensive 
apparatus of this condensing kind. The honour of the discovery of 
the means of accumulating electricity is generally given to a Dutch 
philosopher, of the name of Muschenbroek, who resided at Leyden, 
and hence the name of the Leyden jar, by which the arrangement is 
commonly knowjj. He instituted some experiments for the purpose 
of ascertaining whether a greater charge might not bo given to 
electrified bodies, by surrounding them with more perfect non- 
conductors than the air ; and with this view he attempted to charge 
some water contained in a glass vessel. An iron nail passed through 
a cork, and communicated with the water in a phial, which was 
grasped in the hand. After holding the nail for some time in con- 
tact with the prime conductor of the machine, he attempted to 
remove it with the other hand, and experienced a violent concussion 
in the arms, and across the breast. This experiment soon became 
popular, and the sensation it produced was called the electric shock. 


(81) A plate of glass is here represented 
w ith a coating of tin-foil, to which a similar one 
on the opposite side corresponds. 
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The first experimenters gave ludicrous and exaggerated accounts of 
its effects, which served to excite curiosity to a very high degree; 
and in the very year of its discovery it was shown by itinerant 
exhibitors in every part of Europe. The principles upon which this 
accumulation or power depended were not of course understood ; but 
it is now obvious that the water in the phial, and the hand wdiich 
grasped it, acted, although more imperfectly, as the two coatings 
of the glass. When the nail was touched with the other hand, 
a good conducting communication with the two surfaces was opened, 
by means of the fluids of the body through which the tension and 
polarity of the forces were destroyed (82). 

The quantity of electricity which may be accumulated in a 
Leyden jar depends upon the extent of its coated surface ; its 
intensity^ upon the thinness of the glass. 

§ 328. When large quantities of electricity are required for 
experiment it is found more convenient in general to employ several 
jars instead of one ; and a number of jars arranged together, with 
their internal and external coatings respectively in metallic com- 
munication, is called an electrical battery. 

In practice it is found impossible to diminish the thickness of 
the glass beyond a certain extent ; for the constrained position 
of its polarized particles becomes at length so extreme that the 
cohesive force itself gives way, and the charge passes with violence 
through a hole, which it pierces for itself in the weakest part of the 
plate. ^ 


§ 329. A method has already been indicated (§ 326) of roughly 
estimating the quantity of electricity in a charge, by the number of 
turns of the electrical machine. Its intensity may be approxima- 
tively determined by the amount of repulsion between any two 
moveable bodies under its influence; or rather by the amount of 
their opposite attractions by surrounding bodies under their indue- 


(82) This is the usual form of the Leyden 
jar. The interior coating reaches up to nearly the 
same height as the exterior, and is in metallic com- 
munication with the brass ball, by means of a wire 
passing doum to the bottom. 
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tive influence. An instrument was contrived by Henley, for mea- 
suring this efibct upon the graduated arc of a circle (83). 

§ 330. But wo are indebted to Mr. Snow Harris for an 
accurate instrument for ascertaining this important point, founded 
upon the following principles. 

From what has preceded, it will be obvious, that if a Leyden 
jar be insulated it will be incapable of receiving a charge of any 
considerable amount. In proportion as the vitreous electricity is 
communicated to its interior coating, it is necessary that the same 
(juantity sliould be removed from the exterior, which would other- 
wise counteract the resinous electricity by which the charge is sus- 
tained. This may be effected by connecting it with the ground, or 
with the coating of another jar, which will thus also become 
charged, provided its exterior coating be uninsulated. A long series 
of insulated jars may thus be charged from each other, provided 
the o])posing electricity of the last be withdrawn: and we thus 
obtain a polar arrangement through glass, of a precisely similar 
nature to that which we formerly obtained through air, but of a 
much higher degree of intensity (84). 

If a very small jar be thus connected with a large one, the 
quantity of electricity which is sufficient to carry the charge of the 
first up to a high degree of intensit}', when diffused over the larger 
surface of the second, will scarcely be appreciable ; so that it will 
require many charges of the former to charge the latter to the same 
degree. This is the principle of Mr. llarris\s unit j(V\ Instead 
of trausiiiittlng the electricity evolved by the machine immediately 
from its conductor to a large jar or battery, he communicates the 
charge from the outer coating of a small jar, furnished with a 
discharging-rod, by which the distance between its two coatings may 
be regulated and measured ; and by the number of explosions, that 
is to sa}^, by the number of charges which have passed from the 


(83) The Quadrant Electrometer is here repre- 
sented. It is screwed upon the jar, or battery, whose 
charge it is intended to indicate ; and as it increases, the 
light index, composed of a straw terminated by a pith-ball, 
moves from its centre of suspension, and measures the 
intensity upon the graduated semicircle. 



(84) Let b (in the figure overleaf) be a Leyden jar, standing upon 
the glass support, a. It will receive no charge from the prime conductor, 

q 
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smaller jar, the quantity accumulated in the battery may be very 
accurately estimated. By diminishing or increasing the distance 
between the discharging surfaces, the value of the unit may be 
varied at pleasure (85). 


§ .S31. In the usual construction of the Leyden jar, or 
battery, the stem or wire by which the charge is communicated to 
the interior coating is left attached to it ; the consequence is, that 
the induction docs not take ])lace solely thi’ough the glass to the 
opposite coating, but is partly directed through the air to surround- 
ing conductors; this portion lias commonly been called charge. 
It is only, however, so far free as that it is not siqiported by the 
particles of the glass between the metallic coatings, but by those 


unless a conducting communication be made 
with its outside coating and the earth. If 
an uninsulated second jar be jdaced at r, 
the electricity wbicli passes oH' from the 
outside coating of 6, will charge r, and for 
every spark which passes from the ])rime 
conductor to /», a similar one will pass from 
h to c. 



A polar arrangement of three jars is here shown, in which the 
extremity, r, of the prime conductor is positively electrified. The balls, 



ppp, connected wiBi the interior coatings of tlic jars, ahc.^ are also 
positive, and the exterior coatings, n n the last of whicli discliarges its 
j>ositive electricity to the ground, arc negative : or, it sliould be rather 
said, that the opposite surfaces of the glass with whicli they are respec- 
tively in contact, are in these opposite states. 

(85) The Unit Jar is represented on next page, mounted upon an 
insulating stand, y. A communication is made with the prime conductor 
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of the air intervening between one coating and surrounding objects. 
When a charged jar is insulated, this free charge may be removed 
from the interior, by contact with a conducting body ; when a cor- 
responding portion of free charge of the opposite kind will make its 
appearance upon the outside coating, owing to the induction which 
will now be at liberty to direct itself from that part to surrounding 
o])jects. l^y successive alternate contacts, the whole of the charge 
may ultimately be removed, and the glass return to its natural 
condition. 

The exterior conducting communication may be so contrived that 
it may be removed after the charge has been communicated, and then 
the induction will be determined entirely through the glass, and the 
charge on one side will bo sustained by an exactly equal quantity of 
the contrary electricity on the other. All interference of sur- 
j ounding objects being thus cut off, the jar will retain its charge for 
an indefinite period. 

§ 8S2. That the charge of the Leyden jar is dependent 
entirely upon the dielectric glass, and not upon the conducting 
(‘oatings, is proved by constructing a jar with moveable conductors. 
If such an apparatus be charged the interior lining maybe lifted 
out by an insulating handle, and the jar itself raised from its 
exterior metallic case, and still the charge will remain. In this 
case the superficial rows of particles on both sides of the dielectric 
become charged by the intervention of the metal plates, and retain 
that charge after they are removed; those on one side being in the 
o])])osite state to those on the other, and the intermediate particles 


of the machine, and the exterior coating hj the wire, 
and the interior coating is connected with the interior 
coating of the jar to be charged hy the wire, « r/. The 
value of the nnit of measure is determined by the dis- 
tance between the halls, r and ri, or the striking-distance 
of the spark. The effect of a S2)ark from c to d is to neu- 
tralize the coatings of the unit jar, and to distribute a 
corresponding quantity of electricity over the surface of 
the large jar. On giving a second charge to the unit jar, 
the large jar receives an increment equal to what it 
received from the first charge, and the second spark only 
neutralizes the charge of the unit jar, as before, &c. 

Q 2 
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in a polar state. The only use of the coatings is to furnish a ready 
means of communication between the charged particles, by which 
the opposite forces may be neutralized at the same moment when the 
circuit is completed between them. Without the coatings the jar 
may be discharged, as it were, piecemeal ; but upon replacing them, 
the discharge will take place in the usual instantaneous way. 

Neither are the coatings absolutely necessary to the charge of 
a glass plate. If a clean dry glass jar be held over an electrified 
metallic rod, the point of which is brought opposite different parts 
of its surface, it will become charged, and if metallic coatings be 
then applied, it may be discharged at once ; or if it be placed upon 
a metallic plate, over some pith-balls, or other light substances, 
they will bo attracted and repelled backwards and forwards, and 
effect the discharge of the electricity, which induces from the 
interior towards the plate. They will then remain at rest ; but if 
the electricity which has now been disengaged u])on the outside 
towards surrounding objects be removed by a touch of the fiand, 
a fresh portion will be set free on the interior, and the attraction 
and repulsion of the balls will again take place ; and thus for many 
times successively the action will be renewed, until the glass returns 
to its natural state (86). 

§ 333. From the peculiar view which he had taken of the 
phenomena of induction. Dr. Faraday was led to expect some ])ar- 
ticular relation of the process to the different kinds of matter through 
which it might be exerted, or something equivalent to a specific 
electric induction for different bodies. This relation he succeeded 
in establishing by the most decisive experiments. He examined 
carefully inductive action when taking place through different 
media, by means of an Jipparatus, consisting of two metallic spheres 
of unequal diameter, placed the smaller within the larger, and con- 
centric with it. The interval between the two, lacing the space 
through which the induction was to take i)lace, could be filled with 



(86) An electrified bell-jar is hero repre - 
sented, placed upon a metallic plate, and the 
pith-halls in their state of alternate attraction and 
repulsion. 
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either solids or liquids, and, by previous exhaustion by the air- 
pump, with aeriform matter, which could be retained between the 
surfaces for any length of time. The interior ball was supported in 
its place by a stem, carefully covered with shell-lac, and passing 
through a collar fixed to the upper hemisphere of the exterior 
sphere. The inductive apparatus was, in fact, a Leyden phial, with 
the advantage of permitting the dielectric, or insulating medium, to 
bo changed at pleasure. By peculiar and delicate manipulation, 
definite charges of electricity were communicated to this Leyden 
apparatus, and the aptness or capacity of different media for induc- 
tion was ascertained by means of a Coulomb’s electrometer and 
carrier ball. 

The question to be resolved may be stated thus : — suppose an 
electrified plate of metal (a) insulated in the air, and b and c, two 
exactly similar jdates jilaced parallel to, and on each side of a at 
equal distances and uninsulated; a will then induce equally towards 
n and c. If in this ])Osition of the plates, some other dielectric than 
air, as shell-lac, be introduced between a and c, will the induction 
between them remain the same? Will the relation of c and b to a 
be unaltered, notwithstanding the difference of the dielectrics 
between them? 

These simple conditions of the experiment were afterwards com- 
bined by Dr. Faraday, in an instrument which he has called 
a differential inductometer ; which consists of three insulated 
metallic plates placed as above suggested ; each exterior one being 
connected with an insulated gold leaf of an electrometer. When a 
charge is communicated to the centre plate under ordinary circum- 
stances, the induction is equal on both sides, and the gold leaves are 
not affected ; but if a thick plate of shell-lac be interposed between 
two of the plates, unecjual induction will take place on the two sides, 
and the gold leaves will attract one another. The final result which 
Dr. Faraday obtained may thus bo stated : — 


Specific inductive capacity of Air 




Glass 


Shell-lac 
Sulphur . 


. 1 
. 1.76 
. 2 
. 2.24 


The results obtained with spermaceti, oil of turpentine, and 
naphtha, were not in opposition to the conclusion that their inductive 
capacities were higher than that of air, but their conducting powers 
interfered with the result. 

With regard to aeriform matter, one most striking reAilt came 
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out ; namely, that all had the same power of, or capacity for, sus- 
taining induction, and that no variations in their density or 
elasticity produced variation in the electric tension, until the rare- 
faction was such that discharge could take place across them. Hot 
and cold air were compared together, also damp and dry air, but 
no difference was found in the results. 

§ 334. During these experiments upon the different inductive 
capacities of different bodies, the curious fact was established, that 
an actual penetration of the charge to some distance within the 
dielectric, took place at each of its two surfaces, by what is called 
conduction ; so that the electric forces sustaining the induction, are 
not upon the metallic surfaces only, as has just been stated, 
(§ 332), but upon and within the dielectric also. Let a plate of 
any dielectric be armed in the usual way with metallic coatings, 
and a vitreous charge be commuiucated to one, while the other is 
uninsulated, and let the whole remain from ten to fifteen minutes. 
If then the coatings be discharged, insulated and immediately 
examined, no electricity will be found in them; but in a short 
time, upon a second examination, they will a])pcar charged in the 
same way, though not to the same degree, as they woi*o at first. 
A portion of the vitreous force, under the coercing influence 
of all the forces concerned, penetrates the (Uelcctric, and takes 
up its place a little within its surface ; .a corresponding portion 
of the resinous force also assuming a similar position on the 
opposite surface. The discharge destroys or neutralizes all external 
induction, and the coatings are therefore found imelectrified ; but 
it also removes almost the whole of the forces by which the 
electric charge w^as driven into the dielectric, and it therefore 
returns on its course to the surfaces, and constitutes the re-charge 
observed. 

Two plates of spermaceti (a substance whose insulating 
powers are not very perfect) were put together so as to form one 
plate, and coated \vith metal in the usual way. The system was 
charged, then discharged, insulated, examined, and found to give no 
indications of electricity. The plates were then separated from 
each other, and one was found in the vitreous, and the other in the 
resinous state, nearly all the electricities being in the metallic 
linings* Hence, it is clear that, of the forces sought for, the vitreous 
was in one half of the compound plate, and the resinous in the 
other half; for, when removed bodily with their plates from each 
other's inductive influence, they appeared in separate places, and 
resumed* of necessity their power of acting by induction on the 
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electricity of surrounding bodies. Had tlie efibct depended upon a 
peculiar relation of the contiguous particles of matter only, each 
half plate should have shown vitreous force on one surface, and 
resinous on the other. 

It is the assumption, for a time, of this charged state of the glass, 
between the coatings in the Leyden jar, which gives origin to the 
phenomenon, which is called the residual charge. After a large 
battery has been charged for some time, and then discharged, 
it is found that it will spontaneously recover its charge to a very 
considerable extent ; and this is due to the return of the electricity 
in the manner just described. 

§ 335. Opposed to the phenomena of the charge which wo 
have now examined, are those of the discharge of the electric forces, 
which yet remain for our closer investigation. 

There are various modes by which this may bo effected : the 
discharge by conduction^ by disruption^ and by coiwection^ come 
before us on the present occasion. 

§ 336. 1st. The discharge by conduction involves no chemical 
action, or dis])lacemcnt of particles. 

Insulation and conduction might at first be supposed to bo 
directly o])poscJ properties of matter, but Dr. Faraday has shown 
that they are only extreme degrees of one common condition, and 
that they are connected by numerous intermediate links. At the 
two extremes stand the gases and the metals, and spermaceti is an 
example of a substance through which induction can take place, 
and also conduction ; but both in a reduced degree. 

A certain condition of particles which, if retained, constitutes 
insulation^ if low^ered by the communication of forces from one to 
the other, constitutes conduction. In the state of polarity or tension, 
•the particles of all bodies (with the exception possibly of the gases) 
have a capability of communicating their forces in various times one 
to the other by which they are lowered, and discharge ultimately 
ensues. Shell-lac is the best insulator known amongst solids; that is 
to say, it retains its state of polarity most perfectly, but it becomes 
lowered in time, and is also capable of having that forced charge 
communicated to it which we have just described, and which 
is equivalent to conduction. The metals themselves, although such 
excellent conductors as to admit of the passage of electricity through 
them with a velocity which baffles the powers of conception, offer 
different degrees of resistance to its transfer : and such resistance is 
pro tanto insulating power. 
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§ 337. Mr. Snow Harris has contrived a beautiful apparatus 
for comparing this resistance of the metals. It consists of an air- 
thermometer, through the bulb of which, a wire of the metal to bo 
examined, passes. By the passage of a definite portion of electricity 
from a Leyden jar through this wire, it becomes heated in proportion 
to its resistance, and this heat acting upon the air causes an expan- 
sion, which is measured by the liquid in the stem. The results of 
some of his experiments are comprised in the following table : — 

Table XXXIII. Electrical Conduction. 


Silver 



Heat evolved, 

. (> . 

Resistance 

. 1 

Copper 



. 0 . 

. 1 

Gold ^ . 



. 0 . 

. 1=^ 

Zinc 



. 18 . 

. 3 

Platinum . 



. 30 . 

. .5 

Iron 



. 30 . 

. 5 

Tin . 



. 30 . 

. 6 

Lead 



. 72 . 

. 12 

Brass 



. ]8 . 

. 3 


The ready communication of forces between contiguous particles 
constitutes conduction ; and the difficult communication insulation. 
Conductors and insulators arc bodies whose ])articles naturally 
possess the property of communicating their respective forces easily, 
or with difficulty : the latter requiring the polar forces to be raised 
to a higher degree than the former, before this transference or com- 
munication can take place. 

§ 3S8. . Thu resistance of the metals, or their insulating power, 
may be brought into direct comparison with air, and even made to 
exceed it, by a very simple contrivance. Let one end of a very- 
long wire be ])laced in connexion with the outside coating of a 
charged Leyden jar, and let it be doubled in such a way as to allow 
the other extremity to be brought very near, but not to touch the 
same coating with it. Let a connexion now be made by a dis- 
charging rod between the inside coating and this extremity of the 
wire, and if the distance bo properly adjusted, the charge will pass 
in a spark through the interval of air between the two extremities, 
rather than traverse the whole length of the wire. 

The middle part of the wire, therefore, acts as an insulating 
medium, and the tension which causes the spark at the extremities 
must exist throughout its length. 
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§ 339. The charge, as it passes through a metallic wire, 
momentary as is its duration, acts by induction through the air 
towards surrounding objects ; and if the knob of a small Leyden jar 
be presented to such a conductor, a lateral spark will pass to it. 

But the arrangement which exhibits this effect to the greatest 
advantage, is that of a long fine copper wire, insulated parallel to 
the horizon, and terminated at each end by a small ball. When 
sparks are thrown upon this from a globe of about a foot in diameter, 
the wire at each discharge becomes beautifully luminous from one 
end to the other, even if it be a hundred feet long : rays arc given off 
on all sides perpendicular to the axis of the wire. When the long 
wire is arranged in two parallel, but continuous lines, by bending 
it, the outer side only of each arm becomes luminous. When 
formed into three parallel linos by a double bend, the middle portion 
of the wire does not become luminous, the outer sides only of the 
outer lines of wire exhibit the rays. AVhen the wire is formed into 
a flat spiral, the outer spiral alone exhibits the lateral discharge ; 
but the light in this case is very brilliant ; the inner spirals 
appearing to increase the effect. The inner surfaces of the wires, in 
these latter cases, being all turned towards similarly-electrified sur- 
faces, the lateral process of induction cannot of course take place. 

§ 340. The substance of a wire may bo so reduced, or 
the quantity of electricity so augmented, that the metal may bo 
fused by the great heat evolved and scattered about with violence ; 
and the resistance may even be sufficient to stop a portion of the 
charge. To produce this effect, it matters not whether the 
quantity employed bo diffused over a large or a small surface, or 
what its original intensity may be, the same quantity will always 
fuse the same length of wire. Thus, if we measure a certain 
quantity of electricity into a Leyden jar, by the unit jar, so that the 
electrometer may indicate a high degree of tension, and measure 
the same quantity into a large battery, wdiero the electrometer will 
exhibit a very low degree of repulsion, the efiects upon a wire 
through which the two charges may be directed will be precisely 
equal. The intensity, in fact, in the wire, which is insufficient to 
carry the whole charge in either case, rises to the same degree. 

§ 341. 2nd. The dlsruptite discharge takes place between 
two conducting surfaces, most commonly metals, by means of a dense 
bright spark in the substance of the intervening dielectric, when its 
particles have reached a certain degree of tension. It in every case 
displaces more or less the particles, amongst and across which it 
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suddenly breaks. Every discharge in the form of sparks, brushes, 
and glow, are included under it; but currents of air or liquids, 
which sometimes accompany it, are essentially distinct in their 
nature, and will be afterwards considered. Disruption is the limit 
of the influence which the dielectric exerts in resisting the discharge. 
It is not necessary, probably, that all the particles should have 
attained this degree of tension, but when that particle which is 
most affected has been exalted to the subverting or turning point, all 
must give way, for all are linked together by the influence of the 
constraining force. All the particles in the line of induction resist 
change, and ai*e associated together in their actions, so as to give a 
sum of resisting force ; and the breaking down of one must cause 
the whole barrier to give way, which was at its utmost degree of 
resistance before the aiding power of that one was lost. The path 
of the spark depends upon the degree of tension acquired by the 
particles in the line of the discharge ;• circumstances which, in 
every common case, are very evident, rendering it higher in them, 
than in their neighbours, and by exalting them first to the requisite 
condition, causing them to determine the course of the discharge. 

All the particles return to the original or normal state in the 
inverse order in wliich they left it, and exert their power meanwhile 
to produce the discharge cflcct in tlie few particles where the sub- 
version of forces first takes place. These are probably not merely 
pushed apart, but assume a peculiar state for the time, or have 
thrown upon them all the surrounding forces in succession, and 
rising up to a proportionate condition, discharge themselves by some 
operation at present unknown, and thus end the whole. The ulti- 
mate effect is exactly as if a metallic wire had been put into the 
place of the discharging j)artielcs; and Dr. Faraday remarks, that 
not impossibly the princii)le of action in both cases may hereafter 
be proved to be the same. 

The whole of the electricity passes between tlie two conducting 
surfaces in the form of a dense spark, and the discharge is complete. 

§ 342. Though it cannot bo doubted that the principal phe- 
nomena of the disruptive discharge depend upon the particles of the 
dielectric air, yet it appears that some of the metallic particles of 
the surfaces between which it passes are carried with it in its course. 
M. Fusinieri has remarked, that when a spark takes place between 
a surface of silver and another of copper, a portion of silver is carried 
to the coj)per, and of copper to the silver. Dr. Priestley observed, 
that if a metallic chain be laid upon a sheet of paper or a plate of 
glass, and a strong discharge sent through it, spots will be produced 
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upon it of the size and colour of each link, parts of which will be 
found to be fused into the substance of the glass, 

§ 3i3. We have already seen that disruptive discharge may 
take place in glass, in the case of a thin Leyden jar ; and it may 
always bo produced at pleasure, by bending a wire so that its point 
may press against the side of a tube filled with olive oil, or some 
other li(]uid dielectric. When such an apparatus is suspended from 
the prime-conductor of the electrical machine, a 6j)ark may be 
drawn through the glass to any conducting substance op])osed to it, 
making a minute perforation without fracturing the tube. By 
turning the point round, or raising it higher or lower, many such 
holes may be made. 

When the charge is high, a disruptive discharge will even take 
place, in the form of a spark, between two inetallic wires in water. 

§ 314. As the expansive force of the discharge is manifested 
even in good conductors by the fusion and dispersion of metallic 
wires of insufficient thickness, so may it be exhibited with ocpal or 
greater violence in b^ld conductors, by a variety of experiments. 

Place a card or some ‘loaves of a book against the outer coating 
of a Leyden jar; put one extremity of a discharging rod against the 
card, and bring the other extremity to the knob of the jar ; the 
charge will pass through the paper and perforate it, producing a 
small bur or protrusion on the side next the rod, and a larger bur 
on the side which was in contact with the coating. 

Drill two holes in the ends of a ])iece of wood, half an inch 
long, and a quarter of an inch thick ; insert two wires in the 
holes, so that the ends within the wood may be rather less than a 
quarter of an inch distant from each other: pass a strong charge through 
the wires, and the wood will be split with violence. Loaf-sugar, 
stones, and many other substances may be broken in the same way. 

Insert two wires through corks in the opposite ends of a glass 
tube ; lot the distance of the ends of the wires be about half an 
inch : fill the tube with water, and pass a charge through it ; the 
tube will be broken, and the water dispersed. 

§ 345. The instantaneity of the spark discharge is proved by 
the velocity with which its light passes away ; its duration not being 
sufficient to illuminate two successive objects, or the same object 
in two positions, whatever may be the velocity of their motions. 
We have seen (§ 230) that when a disc painted with the pris- 
matic colours is made to rotate very rapidly in comnaon light before 
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the eye, the distinction of colours is lost, and an impression of white 
light is produced. When a white disc, with a broad black cross 
upon it, is made to rotate in the same manner, the cross vanishes, 
and the disc appears of an uniform gray tint. When viewed by 
the flash of the electric spark, the colours appear distinct, and the 
cross sharply defined and perfectly stationary. 

§ 346. By a beautiful application of this principle, Professor 
Wheatstone, (to whom the observation is due,) has contrived an 
apparatus by which he has demonstrated that the light of the 
electric discharge does not last the millionth part of a second of 
time. Let us imagine a small wheel of dull metal, marked with 
an hundred bright rays at equal distances from each other, made 
to revolve by clock-work ten times in a second of time; or to 
complete one revolution in the tenth of a second. These rays will 
be seen by the reflexion of an electric spark, and their appearance 
will be difierent according to its duration. If the time bo 
infinitely short, the reflexion will present, during the tenth of a 
second, the appearance of one hundred fixed luminous rays of the 
same apparent dimensions as the engraved rays. If it last the 
thousandth part of a second, the whole circle will be full of light, 
for the impression of each ray upon the retina of the eye will remain 
till that of the succeeding ray is produced. For a duration of half 
a thousandth of a second, a third, a fourth, a fifth, &c., of the same 
interval of time, corresponding illuminated segments will be seen, 
and one-half, two- thirds, three-fourths, or four-fifths of the circle will 
appear completely deprived of light. By increasing the size of the 
revolving Mdieel, the scale of these measures may be increased at 
pleasure to any extent ; as may also its subdivision, by increasing 
the velocity, or multiplying the number, of the rays. By altering 
the velocity of the rotation, the necessity of judging by the eye of 
the relation of the illuminated to the dark spaces may be obviated, 
and the whole may be reduced to a determination of the velocity at 
which the complete illuminated circle is produced. 

§ 347. Although variations in the density of the air produce 
no changes in the inductive capacity of the dielectric, the distance 
at which spark discharge may take place through it, is greatly modified 
by its condensation or rarefaction. If two brass balls be placed 
within the receiver of an air-pump so contrived that their distance 
may be altered by passing the stem of the upper one through a 
collar of leathers, and if one of them be connected with the con- 
ductor of the electrical machine, it will be found that, as the air is 
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exhausted, the distance through which the spark will strike may 
be greatly increased, and the tension of the charge will diminish, as 
shown by an electrometer upon the conductor. The intensity, in 
fact, of a charged surface, varies with the number of the particles of 
the dielectric over which its influence is diffused, and these depend 
upon the density of the medium, the form of the conductors, and 
the distances at which they are placed from each other. The rare- 
faction produced by heat acts in the same way as mechanical rare- 
faction; hence, flame, which is incandescent air, offers an easy 
passage to an electric charge ; and in all electrical experiments its 
influence should be guarded against. 

§ 348. Dr. Faraday also found that, independent of their 
density, different kinds of aeriform matter were capable of sustaining 
different degrees of tension. He constructed an apparatus, in which 
an electric discharge could be made along either of two separate 
channels; the one passing through a receiver filled with the gas 
which was to bo the subject of the experiment, and the other having 
atmospheric air interposed. By varying the length of the passage 
through the latter, until it was found that the discharge occurred 
with equal facility through either channel, a measure was afforded 
of the relative resistances in those two lines of transit, and a deter- 
mination consequently obtained of the specific insulating power of 
the gas employed. Muriatic-acid gas, examined by this method, 
had three times the insulating power of hydrogen, and nearly twice 
that of common air. 

§ S49. The disruptive discharge sometimes changes its form 
from the spark to what is called the hrmh. It generally takes 
place between a good conductor and a bad conductor. When a 
pointed rod projects from a charged conductor into a room, induction 
takes place between it and the walls, or other surrounding objects, 
through the dielectric air, and the lines of inductive force accumu- 
late at the end in greater quantity than elsewhere ; that is to say, 
the particles at the end of the rod are more highly polarized there 
than at any other part of the rod. The particles of air situated in 
sections across the lines of force are least polarized in sections 
towards the walls, and most polarized in those nearer the end of the 
wire. Thus a particle at the end of the wire may be at a tension 
which will terminate in discharge, whilst in those only a few inches 
oflT, the tension shall be far beneath that point. A discharge, there- 
fore, takes place between the rod and the particle in this exalted 
state, and the whole particle of the air becomes electrified similarly 
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to the rod; this, again, exerts a distinct inductive act towards 
remoter particles, and the tension is so much exalted between the 
two nearest, that discharge takes place between them also, and the 
first particle renews its charge as before at the extremity of the rod. 

§ 350. This form of disruptive discharge requires time for 
its propagation, and is a successive effect ; for the particles in the line 
through w-hich it passes are in very different states as to intensity, 
and the discharge at the root of the brush is already complete before 
the particles at the extremity of its ramifications have yet attained 
their maximum intensity. 

If an insulated conductor connected with the ])ositive conductor 
of an electrical machine have a metal rod of 0.3 inch in diameter, 
terminated by a round end projecting from it, it will generally give 
good brushes; or their formation may be assisted by holding the 
hand, or any other large conducting surface, opposed to it, thereby 
increasing the inductive force. Or they may be obtained of 
exceedingly fine character and great magnitude, by rarefying the air 
around the termination of the rod, more or less, by heat or the air- 
pump. The brush generally has a short, conical, bright part or 
root, projecting directly from the ball, which breaks out suddenly 
into pale ramifications having a quivering motion, and being accom- 
panied at the same time with a low, dull, chattering sound, the 
evidence of intermitting action. 

The brush may, in fact, be stated to be a spark to air, a diffusion 
of electric force to matter, not by conduction, but by disruptive dis- 
charge; a dilute spark, which passing to very badly conducting 
matter, frequently discharges but a small portion of the ])ower 
stored up in the conductor. As the charged air reacts upon the con- 
ductor, whilst the conductor by loss of electricity sinks in its force, 
the discharge quickly ceases, until by the dispersion of the charged 
air, and the renewal of the excited conditions of the conductor, cir- 
cumstances have risen up to their first effective condition, again to 
cause discharge, and again to fall and rise. This process is nearly 
instantaneous, but, unlike the spark, has a sensible duration, as has 
been proved by the beautiful experiments of Professor. Wheatstone. 

§ 351. Dr. Faraday has shown, that the brush has specific 
characters in different media ; these are manifested by differences of 
colour, light, form, and sound. This effect is in strong contrast with 
the non-variation caused by the use of different substances, as the 
conductors from which the brushes originate, which had no sensible 
influence upon their characters. JNitrogen, of all the varieties of 



VARIETIES OF BRUSH. 


239 


aeriform matter, possesses the highest power of originating and 
effecting discharge in the fomi of brushes and ramifications, and as 
this gas enters in the proportion of four-fifths into the constitution 
of our atmosphere, it has probably an important relation to electri- 
city, seriously affecting the character and condition of the discharge 
when made in the grand laboratory of Nature. 

§ 352. There is a very striking difference also in the appear- 
ance of the brush discharge, according as it takes place at a vitreous 
or resinous surface : the effect varies exceedingly under different 
circumstances. If a metallic wire with a rounded termination, in 
free air, is used to produce the discharge, then the brushes obtained 
when the wire is charged resinously, are very poor and small, by 
comparison with those produced when the charge is vitreous. The 
former sometimes appear as a bright star, while the latter are 
pale and expanded. Or if a large ball be charged vitreously, and a 
fine uninsulated point bo gradually brought towards it, a star appears 
upon the point when at a considerable distance, which, though it 
becomes brighter, does not change its form until it is close 112 ^ to the 
ball : whereas if the ball bo charged resinously, the point, at a con- 
siderable distance, has a star on it as before ; but when brought 
nearer, a brush forms on it, extending to the ball ; and when still 
nearer, bright sparks will 2 ^ass. The resinous surface tends to retain 
its discharging character unchanged; whilst the vitreous, under 
similar circumstances, permits of great variation (87). 

When two equal small conducting surfaces similarly jjlaced in air 
arc electrified, one positively and the other negatively, that which 
is negative can discharge to the air at a tension a little lower than 
that required for the ])ositive ball ; and when discharge does take 
place, much more passes at such time from the j^ositive than from 
the negative surface. 

§ 353. Very Important variations of the relative forms and 
conditions of the resinous and vitreous brush, take place also on 
varying the dielectric in which they are produced, 
which point to a specific relation of this form 
of discharge to the particular air in which it 


(87) Some notion may be formed of the difference 
between the brush and the star appearance, from the 
annexed representation of the disruptive discharge 
from points. 
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takes place; proving that’ direct relation of the electric forces to 
the molecules of the matter concerned, which Dr. Faraday has esta- 
blished in so many other instances. The effects arc due altoge- 
ther to the difibrent modes in \vhich the ])articlcs of the interposed 
dielectric become polarized. 

§ 354. Sometimes a rod which has been rendered vitreous, 
and given off fine brushes from the extremity, will have its end 
covered with a quiet ])hosphorescent continuous ///oir, extending a 
very small distance from the metal into the air. Diminution of the 
charging surface will commonly produce this effect. With a rod 
of 0.2 incli ill diameter it is readily manifested. With still smaller 
rods, and with blunt conical ])oints, it occurs still more readily, and 
with a fine ])oint in free air no brush occurs, but only this glow. 
'J'he vitreous glow and the vitreous star are in* fact the same. 

Ilarefaction of the air greatly favours the glow ]>honomciia. 
Ih’ass balls cif two indies diameter will become covered with glow 
over an area of two inches diameter, when the pressure of the air is 
reduced to about 4.4 inches of mercury ; and by a little adjustment 
the ball may be covered all over with this light. 

The glow is alway s accomjiaiiied by a wind, proceeding either 
directly out from the glowing part, or directly towards it : the Ibr- 
mer lieing tlic most general case ; and if matters be so arranged 
that the regular and ready access of air to apart exhibiting the glow 
be interfered with or prevented, the glow disapj^cars. 

Ilrush discliarge does not essentially require any current of the 
medium in which it apjiears : it almost always occurs, but is a 
consequence of the ])lienomenon. On holding a blunt point A'itre- 
ously charged towards uninsulated water, a star or quiet glow will 
ajipear ujxm it, and the surface of the water will be depressed by 
the current of air which passes from it; but on approaching the 
})oint nearer, sonorous brushes will succeed, the current of air will 
instantly cease, and the surface of the water become level. 

§ 355. All the effects tend to show that gloic is due to a con- 
tinuous charge or discharge of air; in the former case being accom- 
])anicd by a current from, and in the latter by one to the place of 
glow. As the surrounding air comes up to the charged conductor, 
on attaining that spot at which the tension of the particles is raised 
to a sufficient degree, it becomes charged, and then moves off by the 
joint action of the forces to which it is subject ; and at the same 
time that it makes way for other particles to come and be charged 
in their turn, actually lieljis to form that current by which they are 
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brought into the necessary position. Thus^ through the regularity of 
the forces, constant and quiet results are produced, namely, the 
charging of successive portions of air, the prodiicticm of a current 
and of a continuous glow. 

A brush may often bo converted into a glow, simply by aiding 
the formation of a current at its extremity"^; and on tlie other hand 
the glow may be converted into a brush by dicltering the point from 
the approach of air. 

A continuous discharge of electricity to the air gives the glow ; 
an interrupted one i)roduces the brush, and in a more exalted con- 
dition tlie spark. 

f 

§ 356. W e are thus brought to the consideration of the 
charge hy connections or carrying discharge. It often, as wo have 
just seen in cases of brush and- glow, joins its effect to disruptive 
discharge to eilect the uoutralizatioii of the electric forces. 

The particles whicli, being charged, travel, may be either of 
insulating or conducting mattery largo or small. VV^e shall best 
understand the different steps of the process by considering a par- 
ticle of conducting matter. 

Dr. Faraday illustrated it by insulating and electrifying a large 
copper vessel, (a boiler of three feot diameter,) to the degree 
that dissipation by brushes or disruptive diseliargc did not sensibly 
take place at its edges. A brass ball, two inches in diameter, sus- 
])cndcd by a silk thread, was brought towards it ; and it was found 
that if the ball were held for a second or two, near any ])art of it, at 
a sufficient distance (almost two inches,) not to receive any direct 
charge from it, it bcc.aine itself charged, although insulated the 
whole time ; and its electricity was contrary to that of the boiler. 
The effect was strongest opjmsite the edges, or other ]n-ojecting parts, 
where it is well known that the original charge is the strongest. 

This effect is obviously one of induction, and not of communi- 
cation. The ball, when related to the vitreonsly-charged surface by 
the intervening die^ctric, lias its opposite sides brought into con- 
trary states ; the side next to the boiler beingresiiious, and the outer 
vitreous. More inductive action is directed towards it than would 
have passed across the same place if the hall had not been there, for 
several reasons : amongst others, because it being a conductor the 
resistance of the particles of the dielectric, which otherwise would 
have been there, is removed ; and also because the reacting vitreous 
surface of the ball being projected further out from the boiler than 
when there is no introduction of conducting matter, is more free to 
act towards surrounding conductors, through the rest of the dielec- 
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iric, and so favours the exaltation of that inductive polarity which 
is directed in its course. It is the same as if the surface of the boiler 
itself were protuberant in that direction. Thus it acquires a state 
similar to, but higher than, that of the originally charged surface 
which causes it ; and sufficiently exalted to discharge at its vitreous 
surfacf to the air, or to affect small particles as it is itself affected ; 
and they flying to it, take a charge and pass of ; and so the ball as a 
tribole is brought into the contrary charged state. The consequence 
is that, if free to move, its tendency to approach the boiler is 
increased, whilst it at the same time becomes more and more 
exalted in its condition, both of polarity and charge ; until at a 
certain distance discharge takes place ; it acquires the same state as 
the boiler ; is repelled, and passing to a conductor favourably cir- 
cumstanced to discharge it, there resumes its first neutral condition. 

In the case of elongated, or in^giilarly shaped conductors, such 
as floating filaments or particles of dust, this effect is still more 
ready, and the consequent attraction very immediate. 

§ 857. On using a liquid dielectric, as oil of turpentine, the 
action and course of small carrying particles is very striking. 

The analogy between the action of solid conducting, carrying 
particles, and that of the charged particles of an insulating fluid sub- 
j^tance is very evident and simple ; and in the latter case, currents 
are necessarily occasioned in the dielectric. Particles are brought 
by inductive action into a polar state; and this state, after rising to 
a certain tension, is followed by the communication of a part of the 
force originally on the conductor ; the particles consequently become 
charged, and then, under the joint influence of the repellent and 
attrp.ctive forces are urged towards a discharging place,- or to that 
spot where these inductric forces are most easily com^nsated by the 
contrary inducteous forces. 

The course of these convective currents may be beautifully illus- 
trated by using oil of turpentine as the dielectric ; provided it be 
placed in a wide vessel, sufficiently capacious t^nclude all the lines 
of inductive force. The attraction is so great tiiat if a small ball at 
the end of a metallic stem be held in the hand, and immersed below 
the surface of the liquid, in the inducteous state, a considerable 
column may be raised up, in which the phenomena of the ascending 
and descending particles will be very apparent. 

If a piece of be fastened to a wire, and this be 

inserted into the conductor of the electrical machine, upon softening 
the wax by heat, and turning the machine, very fine threads will be 
separated, and if received on a sheet of paper Viill Cover it with 
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minute fibres, like fine red wool. These, again, are evidence of the 
force with which convection is carried on. 

§ 358. The force of the convective discharge will be always 
greatest from a point, for reasons which must be very obvious from 
the principles of action which have been explained. The Jines of 
inductive force are concentrated upon the extremity of the point, 
and it is there consequently that the intensity necessary to charge 
the air is first acquired ; it is from thence that the charged particle 
recedes, and the mechanical force which it impresses on the air to 
form a current is in every way favoured by the shape and position of 
the rod of which the point forms the termination. At the same 
time the point, having become the seat of an active mechanical 
force, does, by the act of discharge which causes it, prevent any other 
part of the rod from acquiring the same necessary condition, and so 
preserves its own predominance. 

§ 359. Light models fitted up with vanes, like the floats of a 
water-wheel, may be put in motion by the current of air produced 
by the action of au electrified point; and if a lighted taper be 
presented to such a current, its flame will sometimes be blown 
out (H8). 

If a point bo enclosed in a glass tube so that it may be placed at 
any distance from one of the open ends of the tube, its influence as 
a point will be destroyed, and it will transmit electricity by sparks 


(88) 'il^iis figure represents a light cross of wire, 
turning upon a point, placed upon the prime con- 
ductor. The air is forcibly driven from the points, 
and by its reaction impels the vane in the opposite 
direction. 



The flame of a taper is here re- 
presented under the influence of the 
air, passing off from a point, upon a 
chcn’ged electrified conductor. 
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leis a ball. The access of fresh uncharged air is thus stopped^ and 
the process of convection cannot proceed. 

4 ^ § 360. The light which accompanies the disruptive discharge 

of the electrical forces is accompanied by heat, and is capable of 
igniting inflammable substances, such as ether, rosin, &c.; but its 
duration is so momentary, that sometimes it fails to produce this 
effect. If a little loose gunpowder be placed in a break between 
two wires, and a discharge be made through it, the grains will gene- 
rally be scattered about without explosion ; but if the electrical 
force be first made to traverse a portion of water, or other imperfect 
conductor, it will in its discharge. inflame the powder. This differ- 
ence seems to be accounted for by supposing that the course of the 
electricity is retarded, so that it has time to produce the effect which 
its more rapid transit through a good conductor would not allow of 
its producing. The light and heat which thus accompany the dis- 
charge of the electric forces, in their exalted state, amongst the 
polarized particles of a dielectric, are probably perfectly analogous to 
the ignition and heat which are produced by the tranfer of the same 
forces, in a much lower degree of tension, amongst the particles of a 
good conductor, whose substance is insufficient to effect their com- 
plete neutralization. 

§ 361. The relations of the surfaces and distance of two con- 
ductors, under the influence of the electric forces exerted through 
the intervention of dielectric air, have been accurately measured, 
calculated and determined by Coulomb and Snow Harris. 

Let us imagine a small metallic sphere, placed in the centre of 
another large metallic sphere filled with air (fig. 72) ; a charge of 
electricity may be communicated to the former, which will be sus- 
tained by induction to the surface of the latter, and every molecule of 
the air will be related to every other molecule in all directions, by the 
tension and reaction of those which are contiguous. The qu^tities 
of the opposite forces upon the inductric and the inducteous bodies 
must be exactly equal ; but their intensities will be very different. 
The lines of inductive force which will be spread over the whole 
surface of the latter will be concentrated upon the former. An 
electrified ball placed in the cenfTe of a large room, and equally 
removed from all surrounding objects and irregularly-formed coa-^ 
ductors, does not differ appreciably from such a hypothetical 
arrangement, and Dr. Faraday has experimentally traced the induc- 
tion und^ such circumstances to a distance of twenty-six feet. 
Under th^ simple conditions, supposing the central ball to be 
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indefinitely small, the lines of inductive force will radiate from the 
centre, and the resulting attraction will follow the law of radiant 
forces, and decrease in -direct proportion tt) the squares of the 
‘distances. 4 

The result may otherwise be stated thus : — ^the sum of forces in 
spheres of different diameters, surrounding an active centre, must 
be always equal ; and the amount in any two similar sections equal. 
The law is the same as that of light, and is a necessary consequence 
of the theory of induction in this the simplest case of the action 
of contiguous particles. 

The experimental investigation, and mathematical calculation 
of the laws of electrical attraction and repulsion, have been hitherto 
limited to cases which may be resolved into this radiant action, and 
have not as yet been applied to cases of induction in curved lines. 

§ 362. The torsion electrometer, by means of which Coulomb 
carried on his investigations, has been already described ; Mr, 
Harris adapted the simple balance in the most ingenious and effec- 
tual manner to the same purpose (89). In the first instrument the 
force of elasticity is opposed to, and made the measure of, electrical 
attraction ; in the second, the force of gravitation is applied to the 
same purpose, and the electrical attraction actually weighed. 

If a certain quantity of electricity be measured into a large 
Lej^en jar, by means of the unit jar, and two planes connected 
with the two coatings be found to attract each other with a force of 
4.5 grains, with double the quantity 18 grains would be required 


(89) This figure represents Harris’s electrical balance. A glass 
pillar is fixed in the stand a, to whicli the heaiu of a delicate balance, B B, 
is susj>ended at the point, D. A scale pan, r/, is 
suspended from one arm, and just rests upon 
the support, K, likewise, insulated and fixed 
upon the stand, a. From the other arm is 
suspended a light gilt cone, a, the base of 
which is opposed to the base of another in- 
verted cone, 5, wdiich may he fixed at any 
distance from it by sliding upon the insulated 
pillar, d. The metallic balance may be con- 
nected 'With the interior of a l^eyden jar, or 
battery, and the cone, 5, 'ivith the exterior, and 
the attractive power of any charge at any 
variable distance between the cones, may be 
estimated by weights placed in the scale pan. 
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to ccronterbalance the force, and with treble the quantity 40.6 
grains. 

When a second &nd equal jar is connected with the first, 
similar quantities only exhibit |^th of the preceding forces, re- 
spectively ; and when the same quantities are diffused over three 
such jars, the respective amounts are only ^th. 

5 363. Hence, when the quantity is constant, the attractive 
force is as the squares of the surfaces inversely; and when the 
surface is constant, as the squares of the quantities directly. 

Again, it is found that the respective quantities requisite to 
produce a discharge between two balls, vary directly as the dis- 
tances; so that, while the distances of discharge increase in the 
simple ratio of the quantity, the attractive forces increase as its 
square. 


§ 364. Mr. Harris also found, that the attractive force is not 
influenced by the form of the unopposed portions of the acting con- 
ductors, and that it was the same, whether simple circular planes 
were opposed to one another, or cones by their similar plane bases. 
Two hemispheres also attracted one another, with the same force 
as spheres of the same diameter. 

The attractive force between two unequal circular areas is no 
greater than that between two similar areas, each equal to the 
lesser; and the attractive force of a mere ring and a circular area, is 
no greater than that between two rings of the same diameter. 

§ 365. The general result may thus be stated : — the force of 
attraction is as the number of points in immediate opposition 
directly, and as the square of their respective distances inversely ; 
hence, the attractive force between two parallel plane circles being 
found, the force between any other two similar planes will be 
given. 

The respective quantities requisite to a discharge through a 
given interval of air, vary in the simple ratio of the density of the 
air : when the density is one-half, the discharge occurs with one- 
half the quantity accumulated, or, which is the same thing, with 
one-fourth the intensity. Again, when the intensity is constant, 
the discharge occurs in air of one-half the density at double the 
distance. 

The influence of heat is not in any way opposed to the restrain- 
ing power of air, provided its density is not allowed to vary ; but 
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rarefaction by heat produces exactly the same effect as mechanical 
rarefaction, 

§ 366. These results are in perfect accordance with the 
molecular theory of induction ; for, in the case of an atmosphere 
rarefied to one-half, only one-half of the dielectric particles remain, 
and these are brought up to the discharging intensity with one- 
half the quantity of electricity. And with regard to distance from 
an inductive centre, the number of particles which become polarized 
within any concentric sphere, or any section of such sphere, must 
increase as the square of the diameter, and the force will be lowered 
in the same degree. 

§ 367. We have hitherto directed our attention solely to one 
method of exciting the electrical forces ; namely, the friction of 
dissimilar substances, by which their particles are rapidly brought 
into close contact and as rapidly separated. By this operation, we 
have found particularly that the rubbed surface of a dielectric 
becomes iuductric ; its xjhargo being sustained both through its own 
substance, and through the air to surrounding conductors. But 
there are many other methods by which this extraordinary agent 
may be developed ; and indeed, the forcible disturbance of the 
established equilibrium of the particles of bodies in any way seems 
sufficient to call it forth in various degrees. Thus, the forcible dis- 
ruption of cohesion ; mere pressure upon certain crystallized 
substances ; the heating of others ; changes of physical state ; crys- 
tallization and evaporation are all capable of producing electrical 
excitement. 

§ 368. If we break a roll of sulphur we shall find a charge 
of electricity upon its two fresh surfaces, and if we pound it in a dry 
mortar and pour the fragments upon the glass of an electrometer, 
the leaves will diverge very forcibly; and if we renew the contact 
with fresh surfaces upon a fresh plate, we shall find that it is not 
easy to deprive it of the whole quantity which it has thus acquired. 

If we take a rhombohedron of Iceland spar, and, holding it by 
two opposite edges, press upon two of its opposite faces, it will 
manifest a decided power of attraction upon light substances, 

§ 369. Crystals of tourmaline, again, whose optical properties 
have been described (§ 245), exhibit a^very remarkable state of 
electrical excitement when gently heated. The tourmaline is a hard 
crystallized mineral, which occurs in granite and other primitive 
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rooks, in the form of three, six, or nine sided prisms, terminated by 
three or six sided pyramids. It was discovered by the Dutch in Cey»- 
lon, who called it Aachen trikker^ from its property of attracting ashes 
when thrown into the fire. It appears however to have been known to 
Theophrastus. When the stone is of considerable size and warmed, 
flaslies of light may be seen to dart across its surface when laid 
upon a hot iron. If a crystal of this mineral be mounted upon a 
pivot, or otherwise suspended with freedom of motion, its excitement 
will be found to be polar, and one end will be attracted by excited 
glass and the other repelled. The polar arrangement of its particles 
exists throughout its substance, for, when broken in two, each half 
will prove to be likewise polar. It is during the rise of its temper- 
aturo that these j)henoiiiena take place : during the process of cooling 
they also occur, but with the opposite direction of the forces. 

The poles of the mineral have reference to the axis of symmetry 
(§ 124), and those crystals are alone electrical, the opposite extre- 
mities of whose axes differ with regard to the number, disposition, 
and figure of their facets. 

§ ^170. Boracite is another mineral which possesses the pro- 
perty of becoming electric by heat in a high degree. It crystallizes 
in the form of a cube ; but the edges and angles are generally 
replaced by secondary planes, .and four of the angles are always 
observed to j)resent a greater number of facets tliau the other four : 
the most complex angles are rendered vitreous, and the simplest 
resinous, by he.at, and those arc always found at the opposite extre- 
mities of the axis of symmetry. 

§ 371. If melted sulphur be poured into a glass vessel, it 
becomes electrical in the process of crystallization ; and if it be 
removed from the glass and examined after solidification, it will be 
found in the resinous state, an<l the glass in the corresponding 
vitreous state. W ater, .also, in the act of freezing, becomes 
electrical. 

The evaporation of water likewise excites electricity, and if a 
heated platinum vessel be placed upon the cap of a gold-leaf elec- 
trometer, and water dropped into it as the steam flies off the leaves 
will expand with resinous electricity. The effect Is rendered very 
decided with the assistance of the condenser. The late experiments 
of M. Pouillct have rendered it probable that the evaporation 
of perfectly pure water is not accompanied by any development 
of the electrical forces, but that a very minute portion of saline 
matter in solution is sufficient to determine the effect.* This does 
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hot d^i^ftot from the probability of evaporation being the principal 
source of atmospherical electricity ; for all the water upon the face 
of the globe is impregnated more or less with different salts. TliO 
vitreous electricity which corresponds to the resinous charge, which 
in the experiment is left upon the electrometer, is carried into the 
air, and probably communicates a charge to the minute drops into 
vrhicb it is again condensed, and which float in the atmosphere. 

§ 372. At a very early period of electrical science the identity 
of the electric spark and lightning was suspected; for Dr. Wall, 
in 1640, in contemplating the light and crackling noise produced 
by the friction of a large piece of amber, was led to remark that this 
crackling and light may be supposed in some degree to represent 
thunder and lightning. But it was Franklin who, in 1747, esta- 
blished the close analogy of the two agents, by strict inductive 
reasoning, and experimentally verified his conclusions by imitating, 
on a small scale, the awful phenomena of nature. He had also 
devised the crucial experiment^ of drawing electricity from the 
clouds, by means of an insulated pointed rod of metal, for the 
erection of which he only waited the completion of a church 
Bteeple in Philadelphia. But M. Dalibard, in Franco, preceded 
him by about a month in obtaining the actual result, by repeatedly 
charging a Leyden jar by means of a similar apparatus during the 
passage of a thunder cloud. Without any knowledge of this experi- 
ment it occurred to Franklin, whilst occupied with the subject, that 
by means of a common school-boy’s kite he might obtain ready 
access to the region of the clouds. He watched the opportunity of 
an approaching storm and went into the fields, and, with the 
assistance of his son, raised the kite into the air. He confined it 
by two or three feet of silken ribbon, but a considerable time 
elapsed without any result. One very promising cloud passed over 
his head without producing any effect upon his simple apj)aratus, 
when, being about to give up the .attempt in despair, he observed, 
after a sharp shower, some loose threads of the string to repel ono 
another; on this he fastened a key to the string, and was gratified by 
drawing an electric spark from it. He afterw^ards raised an insu- 
lated metallic rod from the end of his house, so arranged as to 
communicate with two bells by means of a pendulum which, striking 
against them as they w^ere alternately attracted and repelled, warned 
him of the passage of an electric cloud (90). 


(90) The chime of bells, represented in the next figure, is suspended 
to the electrified body by the metallic hook, a. The two exterior bells, h 6, 
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The experiment with the kite has often since been repeated, with 
the addition of a thin copper wire twisted with the stritig'; but it 
is not unaccompanied with danger, for experimenters have frequently 
received violent shocks, and the electricity has been known to 
discharge itself to the ground in sparks ten feet long, and two or 
three inches in diameter. A fatal catastrophe from incautious 
experiments upon atmospheric electricity occurred to Professor 
llichman, of St. Petersburg, in 1753. He had erected an apparatus 
in the air, and was examining it with a friend, when a flash of 
lightning passed from the insulating rod through his body, and 
instant death was the consequence. His companion was at the same 
time struck senseless to the ground. 

§ 373. The snapping noise which the electric spark makes 
in passing through a portion of the atmosphere is due to the sudden 
compression of the air ; and there can be no doubt that the awful 
thunder-clap itself is produced by the same action. The report is in 
this extreme instance modified by a variety of circumstances, such 
as distance, echo, &c. ; and the sudden dying away and return of 
the sound may be accounted for on well-known principles. 

We have already stated (§ 12) that sound travels in air with a 
velocity of only 1,130 feet in a second, but light at the rate of 195,000 
miles in the same period of time (§ 216). The time in which the flash 
of lightning reaches us, from the different points of its course, may 
therefore be taken as instantaneous; but the time which the explosion 
occupies will be very appreciable, and will vary with the distance of 
the several parts of the long line which the discharge traverses. By 
a calculation founded upon the interval between the flash and the 
sound, and the duration of the thunder-clap, it has been found that 
a flash of lightning frequently traverses a space of nine or ten miles ; 
and, when we take into account the zig-zag path which it ordinarily 


are in metallic communication«witli it, and the centre 
one is insulated by a silk-thread, but is in metallic 
communication with the ground, by the chain, r. The 
metallic clappers, c c, are suspended by silk threads, 
and when the exterior balls are charged they are 
alternately attracted and repelled, and discharge the 
electricity by convection to the centre conducting- 
bell. 
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follows, its alternate approach and reeessioa will account for the 
phenomenon in question* Such would be the effect produced upon 
an observer, placed at the end of a long file of soldiers, who were to 
discharge their muskets at the same moment* He would not hear 
a single report, but a succession of reports, which would produce an 
irregular rolling sound (91). 

§ 374. If a house stand in the way of an electric discharge, 
that is to say, if it form by induction from the charged clouds a part 
of that line of particles which have attained the highest degree of 
tension, the course which the lightning will take will be determined by 
the accidental position of different conducting bodies within it, which 


(91) The usual zig-zag path of a flash of lightning is here repre- 
sented. The sound will reach the observers, placed at a and a, from 



the different points, in very unequal times, and will sometimes recede 
and then approach alternately, as it reaches them from the further or 
nearer portions of the atmosphere in which the concussion is produced. 



Sometimes the discharge follows a path approaching to a segment o* 
a circle, and then, if the observer be placed in a situation nearly equi- 
distant from every part of the flash, it will affect him with a single crash* 



252 


LIGHTNING CONDUGfOT^S. 


will change the line of greatest tension according to their relative 
situations. Thus it is probable that it may descend a chimney in 
which the air is rarefied ; or it may strike the same object from being the 
most elevated conducting body in its course. It may then leap to dif- 
ferent metallic articles in the chambers,— or even to persons, whose 
good conducting properties may present an easy transit in the position 
in which they may be placed ; it will finally pass to the earth, after 
having thus followed the path which had been previously determined 
by the arrangement of the particles under the highest state of 
inductive influence. As long as the discharge is confined to the 
good conducting substance of metals lightning produces no injurious 
eflects ; but whenever it passes from these into imperfect conductors 
its course is marked by destruction. 

§ 375. To Dr. Franklin belongs the honour of having sug- 
gested the application of the known principles of electrical science to 
the defence of buildings against the dangers of a thunder-storm, 
lie proposed the erection of a continuous metallic rod in perfect 
communication M'ith the earth, by the side of any building 
intended to be secured against the effects of lightning ; and 
experience has fully demonstrated the utility of this precaution. 
The great points to be attended to in the construction of such 
conductors are, that they should be carried above the highest 
point of the building to be protected, — that they should be of 
sufficient substance not to be melted, and the experience of a 
century has proved that a cop])er rod of half an inch diameter 
has never yet been fused; — that there should be good metallic 
contact in all their parts; — and that they should terminate at a 
sufficient depth in the ground, and be led, if possible, into some 
piece of moist earth, or large body of water. It has been proved 
that conductors erected with these precautions will protect a circular 
space of a radius double their height above the highest point of the 
building to which they are attached. 

§ 376. An objection, founded in ignorance, has sometimes 
been made to lightning-rods, that they may by their attractive 
power invite a discharge where otherwise it would not have taken 
place. But when it is considered that one of the conditions of a 
thunder-storm is an intense electrical induction of a portion of the 
earth's surface through a dry stratum of air to the surface of a cloud 
of some thousands of acres in extent, in the manner of a Leyden jar, 
it will be perceived that any such elevation as compared with the 
distance and extent of the charged clouds, is utterly inconsiderable, 
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and perfectly inadequate to influence the charge in the elightest 
degree. The conductor is perfectly passive, and its efficacy consists 
in opening an easy path by which the force may be transmitted. 
Its action is at best but of a negative kind, and it can no more be 
said to attract the lightning than a watercourse can be said to attract 
the water which necessarily flows through it at the time of heavy rain. 

It is true that a pointed conductor will silently draw oft’ a con- 
siderable portion of the electric charge from a distant cloud, and 
this action will sometimes be indicated by a glow, or even brush, 
u|X)n its extremity, but this would tend to diminish the state of 
tension of the charged masses; and if inadequate to produce an 
appreciable diminution of the enormous quantities collected, can 
have no influence in exalting the tension to the point of disruption. 

§ 377. The beautiful meteor called the aurora borealis^ there 
can be little doubt, is another form of electrical discharge taking 
place in the upj)cr regions of the atmo8))here, where the decreased 
density of the air admits of those brushes and coruscations which 
can be so well imitated in the receiver of the air-pump. Luminous 
brushes, aigrettes, and glows, have not unfrequently been observed 
also, previous to thunder-storms, upoil the mast-heads of vessels, 
the points of soldiers’ spears, and even upon the outstretched 
fingers of the hand. Upon the high table-land of Mexico, where the 
atmosphere at times is extremely dry, the horses’ manes become 
luminous and emit a crackling noise. These lights used formerly 
to be regarded with feelings of dread and superstition, and went in 
Italy by the name of the Fire of St. Elmo. 

§ 378. The atmosphere, though not usually charged to the 
excess which is necessary to produce the phenomena to which we 
have just adverted, will commonly afford indications of electrical 
excitement. In calm dry weather, when no clouds are visible, the 
gold leaves of an electrometer armed with a pointed rod or flame, 
will always indicate vitreous electricity ; and it has been ascertained 
that its intensity is subject to regular variations, reaching a maxi- 
mum about seven or eight o’clock in the morning, and falling to 
a minimum between one and two. In high winds and damp 
weather, without rain, electrical indications can rarely bo obtained ; 
and in cloudy we<ather, and in times of showers of hail, rain or snow, 
they vary very much both as to kind and intensity^ 

• § 379- At a very, early period it had been observed that, 
when vessels at sea had been struck by lightning, their compasses 
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irete •oftcmi terl^nged ; and in some instances tbe polarity of tlieir 
needled, or their property of pointing north and south, destroyed, 
in others reversed. Dr. Franklin also succeeded in imitating this 
effect by frequent discharges of the electrical battery. Up to a 
Very recent date, however, there has always been great uncer-* 
tainty in the results of the experiment ; but the conditions of its 
success have lately been determined, and by wrapping a wire 
spirally round a glass tube, so that the convolutions shall not 
touch each other, and placing the needle within it while a strong 
discharge is directed through the wire, these effects will be produced. 
If a common steel needle, without any attractive power, bo placed 
in similar circumstances, it will be found to have acquired the power 
of attracting iron filings, and all the properties of Magnetism. 

We will now, therefore, proceed to inquire into the nature of 
this new force, and the laws which govern its action. 


Magnetism. 

§ 380. The force or forces of Magnetism we have already dis- 
tinguished, (§15), as they reside in the loadstone ; or as communicated 
by friction from that specieS of iron ore to bars of steel. The first 
observed phenomena of magnetism did not, like those of electricity, 
remain for some thousand years a barren discovery ; for the polarity 
of a magnetic bar, or its property of always pointing towards the 
North Pole of the earth, was long since rendered subservient to 
navigation. It is said, that the Chinese and Arabians were 
acquainted with this directive power before the Europeans, and 
fhat they employed it even one thousand years before tlie Christian 
era. 

Mr. Davies has informed us, that it is explicitly mentioned m a 
Chinese dictionary finished in a.d. 121 ; and in another dictionary 
completed in the reign of Kang-hi, he says, it is stated that under 
the Tsin dynasty, (previous to a.d. 419,) ships were steered to the 
south by the magnet. 

With regard to Europeans, the only certain fact concerning the 
early application of the property is, that Vasco de Gama, a Portu- 
guese navigator, employed the compass, in 1497, in his first voyage 
in the Indian Seas^ 

§ 381. Let us now etamine the phenomena with more 
precision. 

If a long bar magnet be covered with iron filings, and then 
withdrawn from the heap, it will be found that a pinrtion of the 
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filiDgE adhere io its euTface^ but in a very unequal maimer: large 
clusters wiU be suspended from the two extremities, but^ not a 
particle will be attached to the centre between them (92). It may 
also be observed that long filaments, composed of many smaller ones 
joined end to end, will stand erect from the ends ; but that as they 
recede from these points, they will be shorter and shorter, and 
incline from each other, appearing to be self-repelled* The best 
mode of examining the attractive points of such a bar is to place 
it under a sheet of paper, upon which iron filings may be sifted* 
By gently tapping the paper, they are slightly projected into the 
air, and, as they fall under the influence of the magnetic attrac- 
tions, they distribute themselves into regular and beautiful curve 
lines which converge towards the extremities where they are 
collected in largest quantities. These points of attraction are the 
poles of the magnet : that is, points endued with similar, but opposed, 
forces of attraction and repulsion, analogous to those which we found 
in an insulated electrical conductor under induction. A needle of 
soft iron, freely suspended from a silk thread, will be attracted pre- 
cisely in the same way as the iron filings ; but a magnetic needle of 
steel will be attracted by one extremity, and repelled by the other. 
These phenomena take place through interposed metals, glass, rosins, 
water, paper, &c., and are clearly distinguished from their analogous 
electrical attractions and repulsions. 

$ 382. Sometimes a bar which has not, been magnetized to 
saturation will present points which have been called consecutive 
poles, indicating alternation of the two magnetic forces. These 
may bo discovered by the grouping together of iron filings, or by the* 
alternate attractions and repulsions of the bar at the different points 
when freely suspended. 


(92) If a magnetized bar be placed on a sheet of paper, and iron 
filings be sifted upon it, they will adhere to it in the manner here repre- 
sented. 
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§ 38S. Soft iron becomes wagnetie by induction from Oi 
magne^ just as an insulated cylinder of metal becomes eleetrioal by 
the action of an electrified body through the air. If a key, or other 
piece of iron, be held near one of the poles of a powerful loadstone or 
magnet, it will be found that a series of iron balls and needles may 
be suspended from it, each in succession becoming polar under the 
influence of the inducing forco (93). When the magnet is with- 
drawn, they all immediately return to their neutral state. 

The opposition of the poles may be well shown by suspending 
two small iron cylinders, side by side, in contact, and approaching 
them with the pole of a magnet ; each will become temporarily 
magnetic; and each will have its nearest end converted into an 
opposite ])ole to that of the magnet : the similar poles of the two 
cylinders will consequently be in contact, but will immediately 
repel each other, and the cylinders will fly apart (94). 

If a quantity of fine iron wire be cut into lengths of about one- 
eighth of an inch, largo quantities of it may be suspended from a 
magnet ; which will exactly represent the black silk threads which 
we have before examined under the inductive influence of electricity 
in spirits of turpentine. (§ 314.) 


(93) A represents a bar-magnet, near to the marked extremity of 
which, N, a key is held : this will become magnetic by induction, and 
will induce magnetism upon the three small 



nails brought near it, which will be conse- 
quently attracted. The positions of the marked 
poles of these temporary magnets are indicated 
by the letters w'' n" w" ', when the key is gra- 
dually removed from the influence of the 
magnet, the iron nails successively fall oflT. 


(94) When the unmarked pole of a 
magnet, s, is held at a little distance from two 
pieces of soft iron, suspended from a point by 
two pieces of thread, (fig. 1), they both become 
magnetic by induction, and the two similar 
poles, 71 and the opposite poles, s repel one 
another. If the pole of the magnet, s, (fig. 2), he 
approached nearer to them, its superior attrac- 
tion will overcome the mutual re^sion of the 
poles, n Tiy and they will be drawn tow^ards it, 
hut the poles, ss^ will separate to , a greater 
distance than before. 


Fiff, 1. Fin, 2. 
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§ 384. The magnet, like the charged electrical conductor, 
loses none of its original force while communicating this induced 
power ; but, on the contrary, it has its own state exalted by the 
reaction of the opposite power it thus develops. 

§ 885. There is, however, an essential difference in the cha- 
racter of electrical and magnetical induction: we have seen (§312) 
that if a cylinder under electrical induction be broken in two, 
each half will retain an opposite charge independently of the 
other; but if, under similar circumstances of magnetic influence, 
an iron wire be cut in two, the end which is removed will show no 
signs of free magnetism. Under no circumstances, indeed, can one 
magnetic force be obtained in any form of iron without the coexist- 
ence of an“'e(iual amount of the opposite force in the same mass : 
and if we fracture a magnet, or loadstone, into any number of pieces, 
each fragment will be a perfect magnet with contrary poles. 

§ 386. We may suppose a mass composed of minute grains 
of metal, each surrounded by a non-conducting substance not 
adding sensibly to its bulk : on bringing a body thus constituted 
near an electrified body, every one of the grains would immediately 
become electrical by induction ; and it has been mathematically 
proved, that the attractions and repulsions which such a body would 
exert externally, would be the same as those of a homogeneous con- 
ductor of the same form and size, subjected to the same inductive 
influence. In the latter case, however, the two forces would be 
transferred to the opposite extremities of the body; while in the 
former they would remain in the masses to which they originally 
belonged. Such, in fact, appears to be the disposition of the electric 
forces in the tourmaline (§ 369), and it offers an excellent illustra- 
tion of the disposition of the forces in the magnet. 

§ 387. Hence we may conclude that magnetic induction 
takes place in consequence of the complete and separate polarization 
of each particle of iron, and that the forces cannot travel from one 
to the other to accumulate at the ends like the electric forces in an 
insulated conductor. 

Iron filings, by their mere juxtaposition, under the influence of 
a magnet form a series of minute magnets, of which the poles are 
similarly situated in each ; and, being alternately of different kinds, 
the adjacent ends attract one another. An accumulation of such 
filings between the opposite poles of two magnets, or of a magnet 
bent into the form of a horse-shoe, accurately represents a bar of 
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soft iron placed in the same position, and the particles of both we 
conceive to be precisely in the same condition. 

Separate magnetic charges cannot be supported by distant 
bodies, by a polarization of the particles of the intervening air, equi- 
valent to that which sustains a charge of either of the electrical 
forces. The magnetic forces traverse all substances except iron and 
one other metal, nickel, without aflPording any indications of that 
action upon their particles, which has so lately been established 
by Dr. F araday in the case of the electrical forces. 

§ 388. Perfectly pure soft iron returns immediately to its 
neutral state upon removing the inducing cause or pole of the 
magnet ; but if the natural arrangement of the particles of the 
metal be disturbed by mechanical force, such as twisting or violent 
hammering, it will retain its polarity for longer or shorter periods. 
The new arrangements which take place from chemical combination 
also confer this retentive or coercive })ower in a high degree : hence, 
the permanence of the magnetic forces in the loadstone, which is an 
oxide of iron, and in hard steel, a compound of carbon and the same 
metal. 


§ 389. The process of induction takes place very slowly in 
tempered steel by mere contact; the coercive power which retains 
the particles in their polarized state, when once acquired, opposing 
itself to its reception : but it is greatly facilitated by friction. When 
one pole of a powerful magnet is rubbed two or three times along a 
bar from end to end, always in the same direction, the latter speedily 
acquires the magnetic virtue. Various modes of friction have been 
devised for saturating steel bars with magnetism ; instead of the 
simple mode just indicated, which goes by the name of the single 
touch, the two opposite poles of a magnet, bent into the form of a 
horse-shoe (95), may be brought down upon the centre of the bar 


(95) This figure represents a magnet bent 
into the form of a horse-shoe; by which means 
the two poles are brought near to each other, and 
are better adapted to ^many experiments. When 
not in use, they are connected together by a piece of 
soft iron, which is called the keejier^ by which their 
force is preserved unimpaired. The power of a 
magnet may be measured by suspending a scale-pan 
to the keeper, and loading it with weights till it 
becomes detached by their gravity. 
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to be magnetized, with the poles turned in a direction the reverse 
of that of the poles intended to be given to the bar, and then moved 
backwards and forwai’ds along the surface ; taking care to pass over 
each half of it an equal number of times, and repeating the same 
operation on the opposite side. This is called the double touch, and 
the bar becomes speedily and effectually magnetic. 

§ 390. Great advantage is derived when two bars are to be 
magnetized, by disposing them in a ])aralle]ogram, in conjunction 
with connecting pieces of soft iron. I'he bars are touched in the 
way just de>scril)cd, so as to have their dissimilar polos opposed, 
and in pro])ortion as they receive magnetism, these connecting 
])ieces acquire a similar ])ower, and by their reaction tend to exalt 
the intensity of the charge (9()). Horse-shoe magnets, for the same 
reason, may be most efficaciously touched by connecting together 
their extremities with soft iron. In such a complete circuit, more- 
over, the ])ower is ])reserved most securely by the reciprocal influ- 
ence of the o])posed forces, and magnets when out of use should be 
carefully ])rotectcd in this manner. While such a circuit is closed, 
it will exert but a feeble influence ujion any exterior body; but the 
I'ceper^ as the soft iron bar is called, is retained in its position by a 
very powerful attraction. It is, however, found that the weight 
which it will su])port immediately alter the process of magnetizing, 
is much greater than when the circuit is recloscd after having been 
once broken. 

§ 391. Powerful magnetic batteries are constructed by 
uniting a number of horse-shoe magnets, la} ing them one over the 
other, with all their ])oles similarly disposed, and fastening them 
together in a co]>pcr case. 

Mr. Scoreshy has lately ascertained that great advantage arises 
from constructing magnets of thin plates of hard steel, separated 
from one another by very thin shavings of wood. A magnet thus 
formed of 19G plates, 15 inches long, and 1 .1 inch wide, rendered 
an iron nail weighing 500 grains, magnetic by induction, at a dis- 
tance of 11 inches, so that it supported another weighing 389 grains. 
It also sustained a nail weighing 194 grains through a slab of marble 
seven-eighths of an inch thick. 


(9(5) Tliis figure represents two bar 
magnets, with tlieir opposite poles, n s, placed 
in juxta-position, and connected by means of 
their armatures of soft iron. 
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§ 392 . The action of the earth upon a magnetic needle (97), 
may be compared to that of a large bar magnet upon it ; and may 
be represented by the action of such a magnet passing nearly along 
the axis of a globe, the poles of which, however, do not exactly 
coincide with the poles of the eartli’s rotation. If a small magnetic 
needle, suspended so that it has freedom of motion in a vertical 
plane, be placed midway upon such a magnet or upon the equator 
of the globe, it will assume a horizontal position, with its poles 
directed to the dissimilar poles of the large bar. 

The end of a needle, or bar, which directs itself towards the 
north pole of the earth, is, for convenience, generally distinguished 
by a mark, and is therefore best denominated the marked end. 
It is sometimes called the north end, or pole ; but very improperly, 
as it manifests the opposite force to that which acts at the north 
terrestrial pole. 

As the needle above mentioned is advanced towards one pole of 
the large magnet, the end which is directed towards that pole begins 
to dip or incline downwards, till at length it stands perpendicularly 
above it. Upon being gradually drawn back to its former position, 
it slowly recovers its horizontal direction ; and upon being advanced 
towards the opposite pole, the same series of phenomena take place 
with the opposite end (98). 


c 




(97) This figure represents a 
N convenient mode of supporting a 

needle for the j)urpose of indicating 
its direction, a is a stand in which 
is fixed an upright rod, of any sub- 
stance ]>ut iron. The latter termi- 
nates in a point, which fits into a 
small agate cap at the centre of the 
needle, whicli is thus free to move 
with the least possible friction. 

(98) The suspension of the 
dipping-needle is here shown. The 
needle is formed of a flat piece of 
steel, through the centre of which a 
small axis passes at right angles. It 

• freely moves in circular holes, made 
in the horizontal bar, ir /«, which 
forms the diameter of the circle, c c, 
which is graduated for the purpose 
of showing the angle made by the 
needle with the horizon. 
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§ 393. Perfectly analogous phenomena of direction and dip 
take place under the influence of terrestrial magnetism, but the 
laws which govern them are of a more complicated nature. A 
needle freely suspended, out of the influence of any ferruginous 
mass, only remains in equilibrium when in the magnetic meridian ; 
there are places where this line coincides with the terrestrial meri- 
dian, and in these a magnetic needle points to the true north. If, 
however, it bo carried successively to different places on the earth’s 
surface, its direction will be sometimes to the east, and sometimes to 
the west of north. It appears, from the latest researches, to be 
probable that there may be more than one magnetic pole in either 
hemisphere. According to the observations of M. Hansteen, there 
is one in Siberia, in longitude 102° east of Greenwich, and a little 
to the north of the 60th degree of latitude, and the other has been 
determined, by the observations of our late arctic navigators, to be 
about 96° 40' W. longitude, and 70° 14' N. latitude. The magnetic 
equator, moreover, does not exactly coincide with the terrestrial 
equator, but, from a discussion of all the observations, appears to 
be an irregular curve, inclined to it at an angle of about 12°, and 
crossing it in at least three points of longitude. 

The direction of the needle varies even in the same place ; in 
the beginning of the seventeenth century, the needle in London 
inclined a few degrees to the eastward of the true north ; in 1659 it 
pointed exactly north ; and after this the line of no variation began 
to travel slowly westward, and has now passed over to North 
America. 

§ 394. The dip undergoes corresponding changes, though less 
considerable than those of the variation ; and in London it has been 
found that there has been an annual diminution of about 3' for the 
last fifty years. It is at present between 69° and 70°. 

§ 395. The needle is also subject to diurnal variations of 
small amount ; in our latitudes it moves slowly eastward during the 
forenoon, and returns to its mean position about ten in the evening. 
These variations doubtless depend upon diurnal changes of tempe- 
rature. 

Besides the variation and the^dip, there is a third circumstance 
which is deserving attention, and that is the intensity of the force 
which obliges the needle to take up its position of equilibrium. 
This force varies greatly in diflerent latitudes, and increases gene- 
rally from the equator to the poles. 
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§'896. For a long time the only known means of estimating 
iSam intensity of the magnetic forces, was to ascertain the weight 
which might be suspended from a magnet by means of a piece of 
soft iron. This of course is a very inaccurate operation ; but Cou- 
lomb suggested two methods by which this important point may be 
determined with the greatest precision. The first of these is the 
torsion balance, the operation of which has been already described, 
and the second, the method of oscillations. This consists in counting 
the number of oscillationsimade by a magnetic needle in resuming its 
iM'iginal position, under the influence of any magnetic force, when 
disturbed from its position of equilibrium. The movements of the 
needle are subject to the same laws which govern the oscillations of 
a pendulum acted- on by the force of gravity ; and it is a necessary 
consequence of these laws that tlie intensity of the force producing 
the oscillations is proportional to the square of the number of oscil- 
lations performed in a given time. 

By these methods it has been determined th«at the forces, both of 
magnetical attraction and repulsion, are in inverse proportion to the 
squares of the distances of the active bodies. 

§ 397. The earth, thus regarded as a magnet, is capable of 
acting by induction upon other bodies ; and if in those latitudes we 
hold a bar of pure soft iron in the direction of the magnetic dip, the 
lower end will have the properties of the marked pole of a magnet, 
and the upper those of an unmarked pole, as may easily be ascer- 
tained by approaching them with a magnetic needle. That this 
state of polarity is only temporary, may be proved by reversing the 
bar, when the poles will be found in the same position as before. 
A bar of steel, or of hard iron, will become permanently magnetic by 
remaining long in the same position, and it commonly happens that 
the fire-irons, poker, and tongs, which usually incline^ against the 
grate, in a position not very diflerent from that of the dip, become 
magnets. 

§ 398. The communication of magnetism to a steel bar by 
this influence may be greatly expedited by causing it to vibrate 
strongly, as by striking it, when in thC proper position, upon the 
end with a hammer. It may also ^e greatly increased by the inductive 
influence of other masses of iron in contact with it ; notwithstanding 
the iron itself, which thus adds to the effect, derives its power also 
from the same source, namely, the magnetism of the earth. Thus a 
steel bar acquires a feeble magnetism by being hammered vertically 
when resting upon stone or pewter, but receives a considerable 
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accessiou of power when subjected to the same degree of hammering 
while placed upon a parlour poker in a similai* position. The pow^r 
of a magnet is, in fact, always increased by the reaction of another 
body, in which it induces magnetism ; and this property is made 
useful in armhvg (as it is termed) a natural loadstone, and thereby 
increasing its power. Two plates of very soft iron are provided, 
equal in breadth to the surfaces of the stone which include tlie poles, 
and a little longer ; so that when applied to them, a portion of each 
plate projects beyond the loadstone. The armature is fixed on very 
firmly by wires, or an external case of any metal not susceptible of 
magnetism. The power of the stone is found to be thus very much 
augmented. 

§ S99. As the mechanical vibration of the particles of a steel 
bar facilitates its reception of magnetic polarity, so will the diminu- 
tion of its coercive power by the same means promote its return 
to the neutral state, and highly-charged magnets quickly lose their 
virtue by any concussion of their particles. A fall on the floor, 
rubbing with coarse powder for the purpose of polishings and grind- 
ing, will all prove more or less injurious to their powers. ‘ 

§ 400. The only substance, besides iron and its compounds, 
which has been found susceptible of magnetic polarity, of the kind 
which we have just been considering, is the metal, nickel ; but 
there has been some difficulty in determining this point, from the 
small quantity of iron which is capable of conferring attractive 
powers upon other metals with which it may be alloyed. This in 
some instances is so small as to escape the detection of chemical 
analysis. 


§ 401. The influence of heat upon magnetism is very remark- 
able. If a steel bar be heated to redness, and placed under magnetic 
induction, and then suddenly cooled, it will be found to have become 
strongly and permanently magnetic in a very short time. On the 
other hand, the application of heat to a magnet is invariably 
attended by a dissipation of its power. It is sensibly affected by 
the heat of boiling water ; and a red heat totally destroys its mag- 
netism. If the temperature, however, be raised only to 100, it 
loses much of its power during the operation, but recovers it again 
on becoming cool ; but after it has been heated to redness, no part 
of its magnetism returns. The power of a magnet, moreover, 
increases as it becomes colder, to the utmost limit to which refrige- 
ration can be carried. 
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At a white heat, iron appears to be tota^y insusceptible of any 
magnetic impression whatever, and a white-hot ball of iron may be 
brought close to a delicate magnetic needle, without at all disturb- 
ing its state of repose. Nickel loses its magnetic influence at a 
much lower temperature, and becomes totally indifferent when 
heated to 630® Fahrenheit. 

§ 402. The phenomena of magnetism have been connected 
together by two hypotheses of exactly the same nature as those 
which have been applied to the analogous phenomena of electricity. 
The first, or that of -®pinus, refers them to the agency of a peculiar 
fluid, having properties very similar to those of the electric fluid in 
the hypothesis of Franklin, but which act only upon ferruginous 
bodies and Nickel. The particles of this fluid repel one another 
with a force which decreases as the distance increases, and they are 
attracted by the particles of iron with a force varying according to 
the same law. This hypothesis further requires the supposition 
that the particles of iron repel one another according to the same 
law. 

The second hypothesis is exactly similar to the electric hypo- 
thesis of Du Fay, and is founded on the supposition of two magnetic 
fluids residing in the particles of iron, and incapable of quitting 
them. One of these imparts the northern, and the other the 
southern polarity, and they have been denominated respectively the 
boreal and austral fluids. The particles of each attrg^ct those of the 
other, but repel those of the same kind. When in combination with 
each other these fluids are inactive; each becoming active only 
when separate. The decomposition of the neutral fluid is effected 
by the inductive influence of either the one or the other when acting 
independently. Both hypotheses differ from the corresponding 
electrical assumptions by the necessary condition that the impon- 
derable fluid cannot travel from particle to particle, but that the 
magnetic elements, or atomic portions of matter to which they are 
attached, are separated from each other by extremely small spaces, 
within which the displacements and motions of the magnetic fluids 
are restricted. 

Either of these geileral views affords a sufficient basis for mathe- 
matical calculations which embrace all the leading facts of the 
science, but cannot for a moment be supposed to represent the real 
mechanism of the phenomena, especially since the inseparable con- 
nexion which has lately been proved to exist between the electrical 
and magnetical forces, into the nature of which it will be our 
future business to inquire. 
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§ 403. We ar^ow, however, arrived at a point at which a 
more intimate knowledge of the properties of different kinds of 
matter, simple and compound, and of the laws of chemical combi- 
nation and decomposition, is essential to our progress: and we must 
proceed to examine the character of chemical affinity; the laws 
which limit its action ; and its connexion with the other forces 
which have already passed under our review. 

Chemical Affinity. 

§ 404. Chemical affinity, or the highest degree of hetero- 
geneous attraction, we have already recognised (§ 22) as the force 
which causes the dissimilar particles of different kinds of matter to 
combine together in the most intimate manner ; forming compounds 
differing in all their essential qualities and actions from their con- 
stituent ingredients, and constituting, in fact, distinct species of 
matter. 

The greater the original opposition of properties in bodies, the 
stronger appears to bo this species of attraction between them. 
Heterogeneous adhesion seems to depend upon a certain similarity 
of nature. To effect the solution of a metal, another liquid metal, 
as mercury at ordinary temperature, or tin or zinc at higher degrees 
of heat, must be employed : inflammable liquids, as alcohol and 
ether, readily dissolve resins, fats, and other inflammable solids, 
which are not taken up by %vater ; while water will dissolve salts 
and acids, which are but little acted upon by thei mere adhesive force 
of the first -named substances. By the force of affinity^ on the contrary, 
metallic bodies combine with non-metallic ; acids with alkdlies^ 
combustible with non-combustible bodies. 

The first questions which seem naturally to suggest themselves 
upon this statement arc, — what are the simplest forms of matter ! 
What is the chemical constitution of the familiar forms of matter 
with which we are surrounded ? Are they simple or compound ? 
What are the elements, or first ponderable principles of our globe ? 

§ 405. Now, in discussing these questions, we have some- 
thing more formidable to deal with than merd ignorance : — namely, 
the strong prejudices of erroneous education. It requires no great 
advancement in classical knowledge to discover that the ancients 
considered that the four elements, out of which all other things in 
nature' were compounded, were earthy air^ fire., and water. The 
notion originated with a celebrated philosopher and good poet, 
named Empedocles, wdio flourished about four centuries before the 
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Christian era. His philosophical opinions ipre sung in verse by 
his contemporaries, and have been incorporated into the poetry of 
all succeeding ages; and have thus been invested with a charm 
and an authority well calculated to mislead the judgment, if not 
submitted to correction. 

It is much to be feared that many highly-educated persons, per- 
sons, that is, thoroughly imbued with theH|8te and accomplished in 
all the literature of the ancients, are content with the meagre guesses 
made by tliem respecting the nature of those surrounding objects 
of paramount interest, upon which their very existence depends. 
The time of their youth has been devoted to pursuits with 
which the natural philosophy of the Greeks, or rather their crude 
speculations upon natural phenomena, are thoroughly interwoven ; 
and in after-life they often want the time, or the inclination, to 
correct their careless observation of facts, and reckless assumption 
of abstract principles, by the sober results of the Baconian philo- 
sophy. But the error has been disseminated far beyond the sphere 
in which it originated, and has struck deep root in the general 
mind ; its fibres having become entwined in the very texture of 
common language. Even our dictionaries of highest authority 
inform the inquirer, that the word element means ^‘the first or 
constituent principle of any thing,” and that the “four elements 
usually so called, are earth, fire, air, water, of which our world is 
composed*.” We cannot commence our inquiry into the nature 
of chemical combination better than by applying the test of experi- 
ment to this popular and classical notion of the elements of all 
things. • 

Air and water, moreover, are almost necessarily present in all 
our operations, and it is of the utmost importance that we should 
become as early as possible acquainted with their properties. 

Let us begin with air. 

§ 406. The mechanical properties of the atmosphere in which 
we draw our breath, and on which our vital functions all depend, 
have been already examined (§ 42, et seq.): it is with its chemical 
properties that we are now to be engaged. And first, let us inquire 
whether air be capable of resolution into parts of dissimilar nature 
and properties by the arts of chemistry. 

Now, the only means at our disposal for effecting the decom- 
position of bodies, compounded under the force of affinity, is a 

• Todd’s Johnson. This illustration of the word element, still holds its place 
even in the admirable New J>icH<marp of the English Language^ of Mr. Charles 
Riohardsoa. The French lexioographers have long sinca ceased to propagate error* 
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higher degree of the «ain6 attraction in some other body for one of 
their component parts, assisted sometimes by the concurrent action 
of other forces. The process which goes by the name of Electee 
Affinity^ is a play of forces of exactly the same nature as that 
which has already been described in the case of the subordinate 
force of heterogeneous adhesion (§ 102). It has been exemplified 
in the decomposition of ||ie combination of nitric acid with copper ; 
when a blade of iron ifumersed into the solution became covered 
with metallic copper (§ 22). The affinity of the iron for the nitric 
acid was greater than that of copper ; the iron therefore combined 
with the acid, and the copper was disengaged. 

To ascertain, therefore, whether air bo of an elementary or 
compound nature, we must subject it to the action of some of the 
most powerful agents ; and observe whether they are able to abstract 
any portion of its substance to the exclusion of another portion. 

§ 407. One of the most energetic processes with which we 
are familiarly acquainted, is that of comhmtion ; and common 
experience ought to be enough to convince a careful observer that 
it is dependent upon the air, A simple experiment with the air- 
pump will satisfy any one that it is essential to it ; for any burning 
body ])laced under the receiver will be extinguished by the 
exhaustion of the air. 

Most persons are also aware that a lighted taper will be extin- 
guished, after burning a short time, in a portion of air confined 
in a bell-glass standing over water. If a more accurate experiment 
be made by igniting a piece of another combustible body, phos- 
phorus, under a receiver whose edges are ground so as to render it 
air-tight when standing on a brass plate, it will burn for some 
time ; white flocks of a new species of matter will form in the air, 
and fall upon the plate like snow, and it will soon be extinguished. 
Upon opening the receiver under water, after it has cooled down to 
its original temperature, a quantity of water will rush in and fill 
one-fifth part of tho capacity of the receiver. The quantity of air 
consumed will never exceed or fall short of this amount, if the 
experiment be conducted with sufficient accuracy. The residual 
four-fifths of the air, after washing, w ill, upon examination, be found 
possessed of very different properties from those of the original 
quantity. 

§ 408. In the first place its specific gravity will be different ; 
100 cubic inches at mean pressure and temperature, will only weigh 
80.15 grains, instead of 81 grains. In the second place it will not 
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support combustion ; phosphorus in a state of intense inflammation 
will be instantly extinguished by it : and lastly, it will not support 
life ; insects, or other small animals, will soon expire if confined in 
it. If the experiment be made with a proper regard to quantities, 
it will be found that the weight of the white matter formed during 
the process will be exactly equal to the weight of the deficient air, 
added to the weight of the phosphorus consumed. This, then, is 
clearly a case of elective attraction : the phosphorus has taken a 
something from the air, with which it has combined and produced 
a new form of matter, to the exclusion of another portion with which 
it refuses to unite. 

The residual air is one of our chemical elements; meaning no 
more by the expression than that, in the present state of science, art 
is incapable of resolving it into more simple principles. The che- 
mist of the present day has learnt diffidence from the failure of his 
])redecessors, and no longer affirms that the substances which resist 
his powers of decomposition are the real elements of nature ; but, 
on the contrary, holds it as extremely probable that, as science 
advances, many imdecompoimded substances may be resolved into 
simpler forms of matter. Till ex 2 )eriment, however, shall have 
shown this to be possible, it is not contrary to the principles of the 
inductive philosophy to consider them as elementary. 

This gaseous body is sometimes called Azote^ from its noxious 
influence upon life; but more commonly from its entering 

into the composition of nitre. It w%as first distinguished by Pro- 
fessor Rutherford of Edinburgh, in 1772. 

§ 4»09. But what is the substance which has entered into 
combination with the phosphorus, and which constituted a portion 
of the original air under examination ? To enable us to answer this 
question, we must change our agent; for the attraction of the 
phosphorus is so strong as to render it very difficult to detach it 
from the new compound. Many other substances are capable of 
effecting the separation of the air ; some with the evolution of light 
and heat, others with less energetic action. Thus, if an amalgam, 
or solution, of lead in mercury be agitated with a portion of atmo- 
spheric air for some time, exactly the same proportion of the mixture 
will be absorbed as in the case of the combustion of the phosphorus, 
and the residual azote will be very pure. If a portion of mercury 
again be heated to nearly its boiling point in air, chemical combina- 
tion wdll take place between it and the same proportion, and the 
mercury will lose its metallic character, and will be converted into 
a brilliant, red, crystalline substance, increasing its weight eight per 
cent. 
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If some of this red compound be placed in a small retort, the 
beak of which is dipped under the edge of a bell-glass, filled with 
water, and standing upon the shelf of a pneumatic trough, and it bo 
then exposed to a low red heat, it will be decomposed ; gaseous 
matter will rise into the glass and displace the water, and drops of 
metallic mercury will be condensed in the neck of the apparatus. 
One hundred and eight parts by weight will yield eight parts of the 
air ; which is the same as it had abstracted from the atmosphere in 
the previous process, at a somewhat lower degree of temperature. 

Like the azote it is colourless and inodorous, and possesses all the 
mechanical properties of common air. Its specific gravity, however, 
is higher ; 100 cubic inches, weighing 34.45 grains. If we examine 
it by means of combustible bodies, we shall find that it supports 
combustion with much greater energy than common air. The 
flame of a taper becomes much larger and more brilliant when 
burning in it ; and when blown put, if the smallest spark remain 
upon the wick, it will burst into flame upon being immersed into it. 
Phosphorus burns in it with a brilliancy which is quite intolerable 
to the eye, and forms the same snow-white compound which is pro- 
duced by its less-vivid combustion in common air. Ignited charcoal 
also produces most brilliant scintillations when introduced into it ; 
and if we attach a morsel of glowing tinder to the end of a bunch 
of twisted iron wire, and plunge it into a jar of the gas, the metal 
will combine with it, and present a most striking and beautiful 
display of fire. Other metals, such as potassium and zinc, when 
previously heated, also enter into combination with the gas, with a 
copious disengagement of light and heat. 

It will support animal life ; and animals confined in it will live 
longer than in an equal bulk of common air. Hence it has been 
called mtal air ; and, for reasons which will be hereafter explained, 
oxygen gas. This is another of those substances which resist the 
divellent force of aflinity, and which the chemist, therefore, regards 
as elementary. It was discovered by Dr. Priestley, in the year 
1774, who obtained it from the red compound of mercury, which 
we have described, and which went by the name of precipitate 
mr se. 


§ 410. This gas may be obtained from many other analogous 
compounds, such as red lead ; but a native compound of a peculiar 
metal, named manganese^ with oxygen, is chiefly employed in the 
large way. Certain saline bodies also, as nitre and chlorate of 
potassay hold oxygen loosely combined, and yield it in abundance 
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tvhen heated. The latter salt is chiefly employed when it is 
required to be perfectly pure (99). 

§ 411. The influence of heat in these operations is worthy of 
remark. In most instances we find that a considerable elevation of 
temperature, in some even to incandescence, is necessary to deter- 
mine the combination which a further increase of heat is sufficient 
to decompose. The difference arises from the unequal exaltation 
of two distinct and antagonist forces. It may probably be laid down 
as a general proposition, that heat increases the energy of chemical 
affinity; but it also increases the elastic force of gases. Mercury 
will not enter into combination with oxygen, to form the red preci- 
pitate, till the power of attraction between the two bodies is called 
into action by a temperature of about 600® Fahrenheit ; at this 
degree the affinity is strong enough to coerce the elasticity of the 
gas, and it enters into the constitution of the new solid. An 
augmentation of temperature to about 900° Fahrenheit, restores the 
advantage to the elastic force, and the gas escapes from the coercion 
of its affinity for the metal. 

§412. Let us now examine the process of combustion a 
little more closely. Common observation suggests that it is nothing 


(99) The apparatus for the collection of oxygen gas from per-oxide 
of manganese and chlorate of potassa is here sketched, a is a water 
bfith, upon the shelf of which stand the two air jars, « and b. c repre- 
sents an iron gun-barrel, closed at the bottom, and fitted at the top with 
a flexible metallic tube, passing under the mouth of one of the jars. The 
oxide of manganese is placed in this barrel, and exposed to a red heat. 

B B 
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but a process of destruction ; to ordinary eyes the combustible seems 
to vanish, and nothing to remain but an inconsiderable quantity of 
what are called ashes^ which are the usual residue of burning bodies. 
Annihilation enters into the common idea of combustion ; and to 
fi^y that a body is burnt, is generally a full, satisfactory, and 
sufficient account of its disposal. But such destruction is unknown 
in the economy of nature ; and we have no reason to suppose that 
since the fiat of the Creator wont forth, a particle of matter has ever 
ceased to be. Combustion, in the largest and most scientific meaning 
of the term, is the combination of any two dissimilar bodies with 
the extrication of light and heat ; and the products of combustion 
invariably contain as much ponderable matter as the two active 
substances. The new forms of matter produced often assume the 
aeriform condition, and pass off in an invisible state, and therefore 
escape common observation : but when collected, nothing of the 
original weight will be found wanting. 

Hence we conclude that fire cannot be an element, or one of the 
simple forms of ponderable substances. 

The term combustion is ordinarily restricted to the combination 
of substances with oxygen ; and bodies are denominated combustibles 
which are capable of uniting with the oxygen of the atmosphere, 
with the evolution of light and heat. 

§ 413. The products of combustion in oxygen, or the com- 
pounds of oxygen, constitute three great classes of acids^ alkalies^ 
and OiTtdes^ which it is important to distinguish ; and which may be 
illustrated by the results of the experiments which wo have already 
described. 

The snow-white compound of phosphorus is soluble in water, 
intensely sour, and changes the colour of blue vegetables to red : 
characters which distinguish the class of acids. It was formerly 
supposed, from a too-hasty generalization of facts, that oxygen 
entered into the constitution of all acids ; that it was, in short, the 
principle of acidification ; and hence, Lavoisier, the propounder of 
the hypothesis, conferred upon it its name, which signifies the gene- 
rator of acids. The error has been corrected, but the name retained. 

The compound of the metal potassium and oxygen is also soluble 
in water, possesses a hot, acrid, bitter, soapy taste, and changes the 
colour of blue vegetables to green, and yellow to brown. These 
are the characters of the class of alkalies. 

Acids and alkalies are also reciprocally characterized by enter- 
ing into secondary combination with each other by which their 
more active properties are neutralized. If a solution of an acid in 



272 


ANALYSIS AND SYNTHESIS. 


water, whiqh lias been reddened with some vegetable blue colouring 
matter, be carefully poured into a solution of an alkali rendered 
green by the same colour, at a particular point the mixture will 
have its blue colour restored, when it will be found to be neither 
acid nor alkaline to the taste, and if the water be evaporated, a 
solid mass will be obtained, possessing a cooling saline taste, and 
presenting a species of matter utterly differing from its two more 
active ingredients. 

The product of the combustion of iron is of a friable texture, 
insoluble in water, tasteless, and without action upon vegetable 
colours. These negative characters distinguish the class of oxides ; 
which, however, are mostly capable of neutralizing and entering into 
combination with acids, and forming salts with them. 

§ 414. The process of pulling a substance to pieces, of 
unloosing the connexion of its constituent parts, in order to examine 
it piecemeal, as we have performed it upon atmospheric air, is 
called analysis. The process of putting together again the same 
ingredients, so as to reproduce the body analyzed, is called syfithesis; 
and when one of these processes confirms the other, the proof of 
the constitution of the body is the completest which chemistry can 
afford, and wants nothing of the certainty of mathematical demon- 
stration. The science, however, is very far from having attained 
to this degree of ])erfection, in many cases where it would be most 
desirable. 

§ 41^. If wc add one measure of oxygen gas to four equal 
measures nitrogen, we shall obtain a mixture capable of support- 
ing combustion, and maintaining animal life in the same perfect 
manner as atmospheric air. The union of the two is effected, not 
by the force of chemical affinity, but by that of heterogeneous adhe- 
sion, concurring with the elasticity and self-repulsion of the homo- 
geneous particles. Wc have seen that there is no limit to such 
combinations (§ 98), and therefore the invariable luiiformity of the 
atmospheric mixture is one of the most astonishing facts with 
which chemistry has made us acquainted. 

Air has been examined, as has been already stated, (§ 101,) 
by the most expert analysts, from the most dissimilar situations 
which it has been possible to select, and no variation has been found 
in the proportions of its fundamental ingredients. When we consider 
the processes of deterioration and change which are always going on 
within it, its perpetual consumption and renewal forms one of the 
greatest wonders, where all, indeed, is admirable. All the most 
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active properties of the atmosphere are referrible to the oxygen which 
it contains, and are those of that body diluted. Without oxygen no 
animal could live ; in pure oxygen they would live, if the expression 
may be allowed, too rapidly: just as a candle would burn too 
rapidly ; and as every case of combustion would be one of conflagra* 
tion, all the vital functions would be increased to a morbid excess, 
and fever and death would ensue. 

§ 416. Had it been ordained that the union of oxygen and 
nitrogen in the atmosphere should depend upon the higher attraction 
of chemical affinity, it is easy to perceive that the present beneficial 
results could not have ensued. The divellent force must have been 
proportionately increased, and the tranquil process of breathing 
must have been changed for one of violence and strong exertion. 
The new and noxious products of the fixed combinations of the 
elements would have accumulated around the spots frequented by 
animals, instead of being diffused with rapidity throughout the 
general mass, and replaced by fresh vital air, according to the 
laws which we formerly examined (§ 100). 

§ 417. But we must not yet pArt from this wonderfully- 
constituted fluid : our process of analysis is not complete, and our 
synthesis has produced an atmosphere, indeed, which would answer 
the purposes of animal respiration, but vegetables would not thrive 
under its influence. Vegetable respiration could not be maintained 
by it. W e must seek further for some principle which has yet 
escaped our detection. 

Common experience has made most persons acquajuited with 
it is an alkaline substance, partially soluble in water. 
Its solution is colourless, transparent, possesses a hot, bitter taste, 
and turns the yellow colour of turmeric brown. When this solution 
is exposed to the air, it slowly becomes turbid ; its alkaline proper- 
ties are neutralized, and it deposits a white powder. Reasoning 
from the analogy of what we already know of alkaline and acid 
bodies, we are led at once to suppose, that the lime in this process 
has abstracted something from the atmosphere of an acid nature ; 
and that the white powder is the product of the combination. If 
we collect a sufficient quantity, and place it in a platinum tube 
closed at one end, and bent into the form of a retort, and apply a 
strong heat, we may collect a quantity of gaseous matter from it 
over mercury, and alkaline lime will remain in the tube. Or, 
instead of decomposing the compound by heat, we may effect its 
decomposition by elective affinity ; and upon the supposition of its 

T 
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containing an acid, the addition of a stronger acid will occasion an 
effervescence, the product of which may be collected. 

§ 418. Now, what is this gaseous matter which we have 
again abstracted from the atmosphere ? and does it differ from those 
already obtained ? If we examine it, like the others, we shall find that 
it will not support the combustion of a taper, or of phosphorus, and 
that it is instantly destructive of animal life. That it is not, how- 
ever, azote, is proved by its high specific gravity; for 100 cubic 
inches will weigh 47.37 grains ; and it may be poured like water 
from one vessel into another, in which it will displace the common 
air by its density. It, moreover, neutralizes the alkaline properties 
of lime, reddens the blue colour of litmus, and renders lime- 
water instantly turbid. 

§ 419. The next question is, can it be resolved into any simpler 
form of matter? To ascertain this, We must try the action of 
energetic substances, amongst which potassium ranks very high. 
If we heat a clean piece of this metal, and introduce it into a jar of 
the gas, we shall find that it will burn in it, and at the same time 
become covered with a black matter, which a close examination 
will prove to be charcoal. The product of the combustion will be 
the same alkaline substance which was produced by the action of 
the same metal upon oxygen, or atmospheric air. 

From the results of these analytical experiments, we conclude 
that, in addition to nitrogen and oxygen, atmospheric air contains 
a small portion of a third gaseous body, which is a compound of 
charcoal and oxygen : and wo may confirm our conclusion by 
synthesis; for if we examine the product of the combustion of 
charcoal in oxygen, we shall find it to be a colourless gas which 
neutralizes lime-water, and produces a precipitate which dissolves 
with effervescence in vinegar, or any other acid. 

This compound was discovered by Dr. Black, in 1757, who 
called it fixed air, from its being fixed in limestone from which he 
first obtained it. It has since been called carbonic acid, from the 
Latin name for charcoal. 

§ 420. Charcoal, or carbon, ranks amongst the undecom- 
pounded bodies. Although but rarely met with pure and uncom- 
bined, its various compounds are more generally and abundantly 
distributed than those of any other substance, and it may be said to 
form the basis of the whole organic creation. In its crystalline 
state, its cohesion is very great, and it constitutes the hardest 
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substance in nature, the diamond; it exists in various gradations 
between this state and that of a soft, disintegrated, black powder, 
which adheres to and stains the fingers. It exemplifies the opposi- 
tion which the force of cohesion is capable of offering to chemical 
affinity; for in its disintegrated state it readily kindles and burns 
in oxygen, and is commonly employed tinder for catching a light 
from ignited particles of steel ; w^hereas, in the state of diamond, 
it requires the strongest heat wliicli art can produce to ignite it, 
and sufficiently to exalt its affinity to enable it to burn. 

The use of charcoal, as a fuel, is well known. For this purpose 
it is prepared by forming billets of wood into conical piles, which, 
being covei*ed with earth, arc ignited and suffered to burn with a 
regulated access of air, by which , the more volatile ingredients are 
burnt and driven off, whilst the solid charcoal remains. For nicer 
purposes of the arts, it is procured by submitting the wood to a red 
heat in a distillatory aj)paratus consisting of iron cylinders, from 
which the gaseous or volatile matters are allowed to escape through 
properly-arranged tubes. 

Charcoal is a black, inodorous, insipid, brittle substance, and, as 
we have already scon, an excellent conductor of electricity. It 
undergoes no change from the combined action of air and moisture 
at common temperatures, but is readily combustible in oxygen gas. 

§ 421. Carbonic acid is produced by the respiration of animals, 
as may bo proved by passing the air from the lungs through lime- 
water, which will be instantly precipitated by it ; and by the 
extinction of a taper in a jar of air which has been breathed two or 
three times through a tube properly disposed for the purpose. 

Vegetables, on the other hand, in full vigour, decompose the 
compound, absorb the charcoal, and disengage the oxygen ; and a 
sprig or two of fresh mint, in day-light, will perfectly restore air 
which has been contaminated by animal respiration. We here have 
indicated to us a part, at least, of the compensating means by which 
the atmosphere is kept in a perfect state of adaptation to its bene- 
ficial purposes. 

§ 422. There is yet another constituent of the atmosphere 
which is always present in variable proportions, and that is water 
in the state of vapour, and it may always be rendered visible, and its 
quantity estimated, by the refrigeration of a cold body, as we have 
already pointed out (§ 197). This ingredient of the mixture is alike 
beneficial to animal and vegetable life, and without it the surface of 
the earth would present nothing but the sterile aridity of a desert. 
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Both the carbonic acid and the vapour are variable ingredients, 
but the average quantities of each, in 1000 parts, may be approxi- 
matively stated as follows : — 


Azote 708 

Oxygen 197 

Steam 14 


Carbonic acid . • . . 1 

1000 


§ 423. Thus, then, we have demolished the pretensions of 
our first classical element, air, to rank amongst the first or con- 
stituent principles of things,” and have established three chemical 
elements in its stead; namely, Azote, oxygen, and carbon. The 
two first have never yet had their particles brought within the verge 
of cohesive attraction, and have resisted all attempts to liquefy them; 
while the utmost powers of heat have been applied in vain to destroy 
the cohesion of the last, or to bring it into the state of vapour. 

Amongst the ingredients of the atmosphere, we have also found 
a second classical element, water ^ into the pretensions of which to 
the elementary character we must proceed to inquire. 

§ 424. We must attempt itS' analysis by the means which 
we have already applied successfully in similar cases. If we throw 
a piece of the metal potassium upon water, it will float upon it : 
intense action will take place ; a flame will burst forth from the 
point of contact, and the metal will disappear. After this operation 
we shall find that the water has become strongly alkaline, and upon 
evaporation we shall obtain a white solid, exactly similar to that 
which was obtained by burning potassium in common air or oxygen. 
We infer, then, that the metal has taken oxygen from the water, 
and that the compound has been dissolved as it was formed. But 
if so, what is the substance with which the oxygen was com- 
bined ? To determine this, we must operate more carefully, that 
nothing may escape in the elastic form ; and, as the action is 
violent, we must proceed with caution. For this purpose we may 
fill a strong narrow glass jar with water, and invert it upon the 
water-trough, and wrapping a piece of potassium closely in paper, 
or placing it in a small glass tube closed at one end and carefully 
covering it with fine sand, slip it dexterously under the edge of the 
jar. The metal is momentarily protected fi*om the water, which, 
however, soon reaches it ; a smart concussion takes place, and a * 
quantity of gaseous matter rises to the top of the jar. Upon revers- 
ing the jar, and presenting a lighted taper to the gas, we shall find 
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that it will burn with flame ; that is, that it enters into combination 
with the oxygen of the air, with the extrication of light and heat* 

§ 425. This decomposition of water may be accomplished by 
less costly means than potassium, making use of the elective afSnity 
of more common metals for oxygen. 

Iron may be employed for the purpose ; but it will be necessary 
to exalt its affinity by heat. For this purpose, turnings of iron may 
be put into in a gun-barrel placed across a furnace, one end of which 
is connected with a small water-boiler, and the other with a bent 
tube passing under the edge of a jar upon the pneumatic trough. 
Upon heating the iron to redness, and allowing the steam of boiling 
water to pass over it, abundance of inflammable air may be col- 
lected ; and the same compound which is formed by the combustion 
of iron wire in oxygen may be extricated from the barrel (100). 

§ 426. The affinity of zinc may also be had recourse to ; and 
that at ordinary temperatures. But for this purpose it is necessary 
to remove the compound of the zinc and oxygen as it forms, which 
would otherwise incrust the surface, and put an end to the process. 
This oxide is not soluble in water, like the similar compound of 
potassium ; but by the addition of a little sulphuric acid, or oil of 
vitriol, it will form a secondary compound, which will instantly be 
dissolved. Large quantities of inflammable air may thus be readily 
and economically procured. 


(100) a represents a glass retort containing a little water, which may 
be raised in steam by the application of a lamp. The steam then traverses 
the tube, c c, in which is placed some iron wire heated to redness by the 
furnace, h h. The iron combines with the oxygen of the water, and the 
inflammable gas passes into the wonn, d d, which is kept cool by the 
water in the tub. Here any uncombined steam, with which it may be 
mixed, is condensed, and the water drops into the vessel, c, placed for 
its reception. The gas ultimately passes’ out of the pipe,j^ and may be 
burned or collected in the usual W'ay. 




278 


HYDROGEN. 


The compound of oxygen and zinc, again, may be separated from 
the acid by elective affinity ; for the addition of some of the alkaline 
solution of the compound of potassium and oxygen will abstract the 
acid and precipitate the oxide (101). 

§ 427 . The inflamiiiablc air, which has been named hydrogen 
because it enters into the constitution of water, burns, as we have 
seen, in common air, but extinguishes flame, as may be ascertained 
by plunging a lighted taper into it. When a mixture is made of 
two parts of common air and one of hydrogen, or of two parts of 
hydrogen with one of oxygen, the combination, which proceeds 
silently when a moderate jet of the inflamed gas issues quietly into 
the atmosphere, takes place at once tliroiighont the mass with a 
strong detonation, owing to tlie mutual percussion of the particles 
of the highly-expanded air returning into the vacuum which is pro- 
duced. When the mixture is merely confined by a film of water in 
a soap-bubble, the explosion is sharp and deafening. 

§ 428. If a current of hydrogen be inflamed when issuing 
from a small aperture, and a tube be held over the flame, a musical 
tone will be produced, varying in its pitch with the length of the 
tube. These sounds depend upon a series of little explosions which 
succeed one another with sufficient regularity and rapidity , to pro- 
duce a continuous sound (§ 51). By the strong draught m hich takes 
place through the axis of the tube, the air and the h} drogen are 


(101) This figure repi^esents a convenient apparatus for the genera- 
tion of hydrogen gas in small quantities from zinc. « is a funnel-shaped 

vessel, the lower extremity of which dips 
into the dilute sulphuric acid contained in the 
bottle, b, bent tube proceeds from the upper 
end of the bottle, which is furnished with a stop- 
cock at d, and terminates in a narrow jet. From 
the aperture c, which may be closed with a ground 
stopper, a piece of zinc is suspended in the acid, 
and the hydrogen which is disengaged rises to the 
top of the bottle, and forces the liquid into the 
upper vessfel, the pressure of which will drive the 
inflammable gas through the pipe d, whenever 
the stop-cock is opened. As the gas passes out, 
the liquid will descend again into the bottle, and 
renew the disengagement of the gas; and the 
process will go on till the acid becomes saturated 
with the oxide of zinc. • . 
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made to form portions of exploding mixtures, which are fired by 
the contiguous, burning parts. Sometimes the draught becomes so 
strong as to blow out the flame. 

§ 429. We are so habituated to speak of the process of com- 
bustion, with reference to our atmosphere, and to name bodies combus- 
tible which enter into combination with its oxygen, that a prejudice 
is likely to arise from it with regard to the classification of objects. 
We constantly see a stream of hydrogen burning in common air, 
and we call the first a combustible; and the second, a supporter of 
combustion ; but by throwing a jet of oxygen into an atmosphere of 
hydrogen contained in ^ large belhjar, through an aperture at its 
upper end, when the latter is burning, the flame will be carried down 
into the body of the jar, and the oxygen will continue to burn in 
the hydrogen as it issues from the jet. In this case the oxygen may 
be said to be the combustible, and the hydrogen the supporter. 
The simple statement of the fact in both cases is, that oxygen and 
hydrogen combine together, and combustion — that is, the disengage- 
ment of light and heat — is the consequence. 

§ 430. Hydrogen gas is speedily fatal to animal life when 
taken pure into tjie lungs, but may be respired when mixed with 
common air without much injury : it is the lightest form of pon- 
derable matter, , and 100 cubic inches only weigh 2.15 grains. 
Hence its application to aerostation. A thin bladder, or soap- 
bubble, filled with it rises in the air with rapidity, for the same 
reason that a cork rises through water. A balloon formed of a 
sphere of ten feet diameter would contain about 32 c] lbs. of atmo- 
spheric air, but the same bulk of hydrogen would only weigh two 
pounds ; hence, with an ascensional force of two pounds and a half, it 
would rise in the air with a weight of tvyenty-eight pounds attached 
to it. ^ 

Hydrogen must be deemed ai;i element, because it has resisted all 
attempts to decompose it. No degree of cold or pressure has yet 
been found sufficient to reduce it to the liquid state. Its combusti- 
bility was known in the beginning of the eighteenth century, when 
it was often exhibited as a curiosity ; but its nature and properties 
were first properly investigated by Mr. Cavendish, in 1776. 

§ 431. Synthesis ^will confirm this analysis of water; far if 
we carefully collect the product of ;the combustion of hydrogen and 
oxygen gases, we shall find the water in weight exactly .equal to Ihat 
of the gases eonsumed; The experiment requires some caution, on 
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account of the violence of the action, but may be easily performed in 
the following manner. — Provide a very strong glass tube, closed 
at one end, and fitted at the other with a brass cap and stop-cock, 
stoongly fixed with cement ; two small holes must be drilled in the 
upper part of this tube, into which two wires must be cemented, the 
points of which nearly touch on the inside. Let a mixture of very 
pure oxygen and hydrogen gases be very accurately made, in the 
proportion of one volume of the former to two of the latter, in a jar 
fitted with a stop-cock, to which the cock of the tube may be 
screwed ; extract the air from the tube, by means of the air-pump ; 
fill it with the mixture, and again exhaust it ; and once more fill 
it with the mixture, and carefully close the stop-cock ; pass an 
electric spark between the wires, and the gases in the tube will 
explode with a bright flash, but silently, on account of the connexion 
with the surrounding air being cut off. Allow the tube to cool, 


and, upon opening the cocks, a fresh portion of the gases will rush 
in which wdll be equal to the first quantity, provided the mixture 
has been accurately made, and the common air perfectly extracted. 
This portion again may be detonated, and the process continued till 



a strong dew forms upon the glass, and runs 
down in drops of liquid, which, upon examin- 
ation, will prove to be pure water (102). The 
products of the combustion of hydrogen in at- 
mospheric air may also be collected in large 
quantities by a proper refrigerator. 

§ 432. We have already adverted to the 
great heat whieli ik generated by the combus- 
tion of oxygen 4md hydrogen ; it is the most 

(102) A is a ves^ei, fitted with a 

glass cock, accurat dj y ^ Ji^ tlie upper end it 
is provided with X jjlass stopper^* fcmly screw ed 
down, and secured'lijf the brass cdllar and screws, c. 
Tw^o platinum wires^paai through this glass cock, 
and approach one ahather in the iiitmor, without 
touching. This vessel may be exhausted by the air- 
pump, and screwed upon the bell-glass> b, filled with 
the proper mixture of oxygen and hydrogen. When 
the cocks, ee, are opened, Ihe air in the jar will, of 
course, rush into the vacuum in A, and then, after* 
carefully closing the stop-cocks, an electrical spark 
may 4>e pasi^ between the wires, and the gases 
wiU combiRt ^th a vivid flash df l%ht* 
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intense which art can produce. If a coifipound jet be constructed 
of two concentric tubes, and the outer one be connected with a 
reservoir of hydrogen, and the current inflamed, and a stream of 
oxygen be thrown into the flame, by means of the interior tube 
connected with a reservoir of oxygen, the heat may be conve- 
niently applied to the fusion of the most refractory substances ; 
and there is, probably, nothing which can completely resist its 
power. 


§ 433. Such are the experiments by which the opinion of 
the ancients was upset, that water is one of the four elements of the 
material world, an opinion which remained unquestioned from the 
time of Aristotle to that of Cavendish. 

§ 434. Having thus disposed of air, fire, and water, it will 
forward our design of obtaining some preliminary acquaintance with 
the properties of different species of matter, if w^e examine the fourth 
classical element, earth, before we establish the laws which limit 
the action of chemical affinity, and of the various compositions and 
decompositions which depend upon it. But here a difficulty occurs 
in fixing the meaning of the word. Every one attaches a definite idea 
to the terms air, w^ater, and fire, and they have doubtless borne the 
same meaning in all ages of the world ; but the terms earthy earthy 
body^ ^jb^^^much more vague and indefinite. At the same time, an 
earth is commonly understood to be a dull, solid, opaque, friable 
substance, without lustre, and not disposed to burn or take fire ; and 
is thus distinguished fronq hand, and from carbon 

and other inflammable subs^raNi, on the other. 

According to common O^erience, the greatest part of com- 
bustible substances leave, when they are burnt, an earthy residue 
which is generally caUed their ashes. This earthy residue is very 
frequently the resul t ~|j|^ combination of some metal with oxygen ; 
— it is an oxide. other vegetable substances grown at 

a distance from the fsa, burnt, leave an abundance of such 

ashes, which are value|^|i|1jcles of commerce, and known by the 
name of potashes. alkaline, ^nd the soluble matter which 

may be obtained from themi when purified and deprived of carbonic 
acid, by the elective affinity" of lime, is exactly the same as that 
which is obtained by the oxidation of the metal potassium, and is 
called potassa. 

The earthy residue of^j^e combustion of seaweeds affords 
another alkaline substance, whose properties very inuch resemble 
potassa, tQ which the name of sodes hm been given. It is a com- 
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bination of the metal sodmm (which is analogous to potassium) with 
oxygen. 

There are other substances again, which occur naturally as 
earths, such as clay and sand.^ On the other hand, whenever we 
burn the metals, or cause them to combine with oxygen by less 
energetic processes, we obtain earthy products which differ in colour ; 
and of these the combinations of iron, copper, zinc, antimony, may 
be taken as examples. The oxides, in short, used formerly to be 
known by the name of the earths of the metals. They frequently 
occur in the native state, and constitute the ores from which the 
metals may be obtained. 

§ 435. The processes of reduction are all instances of elective 
attraction ; and the affinities which are applied to this purpose are 
those of hydrogen and carbon, most frequently assisted by a high 
temperature. The metals ])otassiuin and sodium have the highest 
affinity for oxygon, and therefore require the most energetic means 
for their extraction. It is effected by causing a combination of their 
oxides with water, obtained from the ashes of vegetables as we have 
just stated, carefully purified, to pass in a melted state over 
clean iron turnings heated to whiteness in a gun-barrel properly 
bent and disposed for the purpose. A portion of hydrogen gas is 
probably first disengaged from the decomposition of the water, and 
reacting upon the potassa or soda (as the oxides of potassium and 
sodium are respectively called), combines with its oxygen, and sets 
the metals free. These are carefully introduced into some liquid 
(naphtha) which contains no oxygen in its composition, and are 
thus preserved (103). 

§ 436. The earths, or oxides, of other metals, may also be 
reduced by placing them in tubes heated to redness, and passing 
a current of hydrogen over them ; but the most common process is, 
to mix them with charcoal as the deoxidating agent, and expose 
them to a strong heat. 

In processes of manufacture, such as those of iron and tin, the 
ores (which are called iron-irtone and tin-stone) are mixed with the 
fuel, and ignited in properly-constructed furnaces, in the bottoms of 
which the metals are collected in the fused state, and are thence 
suffered to run into proper moulds placed for their reception. 


(103) The apparatus fer the production of potassium is here 
represented. The upper figure exhibits the gun- barrel bent into the 
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§ 437. A better instance cannot be adduced of the influence 
of prejudice upon the mind, and of the particular ancient prejudice 
with regard to the elements which we' are engaged in combating by 
the experimental philosophy, than tl|e science of the reduction of the 
metals affords. Even so late as the end of the seventeenth century, 
an eminent German philosopher, Stahl, invented an hypothesis to 
explain the process of combustion, which was long celebrated by the 
name of the Phlogistic Theory. In it the elementary nature of the 
earths was taken for granted, and the metals were supposed to be 
compounds of these simple substances, with an universal principle of 
inflammability, or fire, to which was given the name of phlogiston. 
It professed to be founded upon the basis of experiment. When zinc 
was heated to redness it burnt with a brilliant flame, and was con- 
verted into a white earth ; hence it was concluded that zinc consists 
of this earth and phlogiston. Again, the earth was heated with 
charcoal, or some other body abounding in the imaginary phlogiston, 


proper form, and covered from o to e with fire-clay, to protect it from 
the fire. Pieces of fused potassa are placed in the inclined part, from 
E to c, and the iron turnings occupy the space from e to o. a a is 
a copper tube and small receiver, which are fitted by grinding to the 
extremity, o. 



In the lower figure the tube is seen in its proper position in the 
furnace. Each extremity is closed by bent tubes, x and t, dipping under 
the surface of mercury. The copper vessel is kept cool by wet cloths, 
and the potassa is fused by red-hot charcoal, in the tray, o. The fire is 
urged to the utmost by a good double bellows entering the ash-pot at b. 
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with which it combined, and the metal was reproduced. When it 
was observed that the body burning always increased in weight, 
there were not wanting those who went the whole length of ascrib- 
ing lightness as a quality to phlogiston, by parting with which the 
burnt body became heavier. Notwithstanding this difficulty, and 
the necessary presence of air to the combustion, the hypothesis was 
immediately embraced by the generality of chemists, and main- 
tained its ascendency for more than fifty years, until shaken and 
upset by the arguments of Lavoisier. 

§ 438. The metals constitute a well-known class of sub- 
stances, distinguished from other substances by characters which 
every one recognises. The class is numerous, but none of them 
has been resolved into more simple forms of matter, and they 
are therefore considered to be chemical elements. 

The metallic character forms the first ground for classification, 
and the elements are divided, with reference to it, into metallic and 
non-metallic. Although popularly recognised, it is difficult to define 
with accuracy. With one exception, namely quicksilver, they are 
all solid at ordinary temperatures, but are capable of liquefaction, 
and even volatilization, at different high degrees of heat. Their 
most striking property is their lustre, which is so remarkable as to 
be known by the name of the metallic lustre ; it is at once recog- 
nised, but difficult to describe. It is dependent upon their action 
upon light, and made up of opacity and reflexion. 

They possess in different degrees a peculiar tenacity, which 
in its greatest perfection renders them malleable and ductile^ or 
capable of being extended under the hammer, and drawn into wire, 
properties which belong to no other species of matter. One grain 
of gold may be extended so as cover fiftj -two square inches of 
surface, and yet have its lustre unimpaired : and platinum wire has 
been obtained the mmnr^h of an inch in diameter, which is invisible, 
except under particular circumstances of illumination. There are, 
however, various gradations of this property, which end in brittle- 
ness ; and antimony may easily be pounded in a mortar. 

Metals also differ in hardness, some being capable of scratching 
glass, as titanium and iron ; others, on the contrary, may be cut by 
the finger-nail, as lead, potassium, and sodium. Their points of 
fusion vary between — 40°, the freezing-point of mercury, and the 
melting-point of platinum, which is a little beyond 3280°. 

A high specific gravity was one of their most marked charac- 
teristics, till the recent discovery of the metals of the alkalies ; and 
so intimately, till then,^ was the metallic lustre associated, in the 
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minds even of the well-informed, with great weight, that when 
a piece of potassium was placed by Sir H. Davy, for the first time, 
in the hand of an eminent teacher of chemistry, in admiring its 
perfect metallic characters he poised it upon his finger, and ex- 
claimed, “how heavy!” This prejudice was only removed by 
seeing it float upon water. 

Platinum is the densest form of matter with which we are 
acquainted, and its specific" gravity is 21.5. The lightest metal is 
potassium, and its specific gravity is 0.865. 

We have already found that the metals are the best conductors 
of heat, and one of their most marked physical characters is the 
perfect way in which they conduct electricity. The only substance 
which can be compared with them in this property is charcoal, and 
this is inferior to iron, the worst of the class. 

They are chemically distinguished by forming saline bases (or 
substances capable of neutralizing and entering into secondary union 
with acids,) with oxygen. Gold and arsenic are the only exceptions 
to this rule. The affinity of the metals for oxygen varies very 
greatly between those of gold and platinum, whose oxides may be 
decomposed by the slightest forces, and that of potassium, which 
will attract oxygen from every known compound. 

§ 439. Our qualitative analysis of the classical elements has 
thus conducted us to such a preliminary acquaintance with the 
metallic elements as a class, and of the specific characters of the 
lion-metallic elements, oxygen, nitrogen, hydrogen, and carbon, as 
will enable us now to proceed to the examination of their quantita- 
tive relations, and the illustration of the laws which limit the action 
of chemical affinity in composition and decomposition. 

§ 440. It is curious to remark, that although air and water 
are not elementary forms of matter, according to the guess of the 
ancient Greek philosophers, the four simple substances of which 
they are composed form alone, by their different combinations, the 
structure of all the most important and familiar substances which 
minister to our necessities. 

They constitute some of the most powerful acids and alkalies, 
and many of our most useful salts. — -All the varieties of flame, and 
the means of artificial illumination, — all the forms of fuel, wood, 
coal, oil, &o., — ^many of our most useful medicines, as well as some 
of the most deadly poisons, — all our articles of vegetable food, — 
flour, starch, sugar, wine, beer, &c., and of vegetable food, — jelly, 
meat, oils, fat, &c., are constructed liolely o| carbon, oxygen, hydro- 
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geu and nitrogen. They form the basis, in short, of the who, le 
.animal and vegetable creation, as well as of a vast variety of inor- 
ganic substances ; and the atmosphere in which they are all 
included appears to be the grand storehouse of the raw materials 
from which all these wonderful and varied products are derived, 
and to which they all return. 

§ 441. It may also be said that, on the other hand, the inor- 
ganic strata of our globe, or rather of that superficial shell with 
which alone we are. acquainted, are all constituted of earthy 
materials, — they are all oxides, and bear the marks in many cases 
of products of combustion. 

§ 442. It is, however, the chemistry of nature alone which 
can put these elements together in their more complicated forms ; 
the products of animal and vegetable structure defy, as yet, the 
synthetic powers of our art. We can form many inorganic com- 
pounds, and wo can often change one organic compound into 
another, but to build up a particle of sugar, or of wood, or a piece 
of flesh, simple as we can prove their composition to be by analysis, 
is beyond our power. 

The examination to which wo will now proceed of the laws of 
chemical composition and decomposition must be conducted with 
the strictest reference to quantity, determined both by weight and 
by measure. 

Laws op Composition. 

§ 443. The limits Mutliin which the action of chemical 
affinity is restricted are much narrower than those of the mere force 
of adhesion, and both the primary and secondary combination of 
bodies take place in a few definite^ fixed, and unalterable proportions. 
We may form chemical mixtures of two or more bodies in the fluid 
state, in every conceivable proportion ; and solutions may be effected, 
of solids and gases in liquids, in every proportion within the limits 
of saturation ; but the compounds of any two chemical elements, or 
any two chemical compounds, are very few, and never vary in their 
specific proportions. 

§ 444. To illustrate this by a familiar instance, let us take the 
primary combination of carbon and oxygen, and the secondary combi- 
nation of this compound, or carbonic acid and lime. We have already 
described the combustion of this element in oxygen (§ 414) ; and if 
the experiment be conducted with a due regard to weight, we shall 
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find that 27.2 parts of carbon, combined with 72.8 parts of oxygen- 
gas, to form 100 of carbonic acid, and this would be the same 
whether we burned charcoal or the diamond. If, on the other hand, 
we were to analyze 100 parts of carbonic acid we should find the 
same proportions of the elements, whether we extracted the com- 
pound from lime-stone, or obtained it from fermenting liquids, or by 
the process of respiration. 

§ 446. Again : we can obtain the compound of carbonic acid 
and lime by the direct action of the acid and base, or from the 
rocky strata of the globe ; from chalk, or secondary limestone, or 
primaiy marble : formations which, according to the speculations of 
geologists, may be separated from one another by intervals of time 
reckoned by myriads of ages. We can obtain it from coral, the 
work of marine zoophytes, fossilized by time or recently deposited, 
or from the secretions of a fowl of yesterday; and in every. case, — 
various as must have been its origin, — we shall find that 100 parts 
contain precisely 44 parts of carbonic acid and 66 parts of lime. 

§ 446. We may satisfy ourselves that the same law of definite 
proportions is maintained in the combination of oxygen and hydro- 
gen, which constitutes water; and as the elements are in the 
gaseous state, they may be determined by measure as well as by 
weight (104). We have already seen that in the process which has 
been described for collecting the products of the detonation of these 
two gases, it is necessary that they be mixed very accurately, in the 
proportion of two of hydrogen to one of oxygen (§ 426). In these pro- 
portions they enter into combination, and in no other ; and if either 


(104) The combinations of bodies in definite volumes are clearly 
represented by symbols of the following kind ; in ■which a standard 
volume is represented by a square, and a half volume by a half square. 


Hydrogen. 

Oxygon. 

so cubic inches. 
17.0 grains 


Steam. 

100 cubic inches. 

S. 1 S graiui. 



19.35 graiui. 


This indicates that a volume of hydrogen combines "with half a volume 
of oxygen to form one volume of steam; and the ^veight of 100 cubic 
inches, thus derived from theory, agrees very nearly with 4hat which we 
have previously adduced from experiment (§ 203). 
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gas were in excess, the surplus would be left after the detouation, 
and would very soon accumulate, and prevent fresh portions of the 
mixture entering the apparatus* As the specific gravity of each gas 
is fixed, these proportions by weight are equivalent to 1.1 parts of 
hydrogen and 88.9 parts’of oxygen per 100.0. 

§ 447. It is not that the previous mixing of the gases in 
these proportions has any influence upon the result ; for let the 
mixture be made in any proportions, the combination will take place 
in but one. The proportion of either may be so great with regard 
to the other, that detonation will not take place ; thus, 1 measure of 
hydrogen may be mixed with 100 of oxygen, and no general com- 
bustion will ensue upon the passage of an electric spark ; but upon 
continuing the electric discharge through the mixture, combination 
will slowly proceed by the action of each successive spark, exactly 
in the same definite proportions as if it had resulted at once. In 
this slow prp<[^ss combustion takes place in that portion of the 
gas immediately subject to the action of the sparks ; but the tem- 
perature of the surrounding gas is not sufliciently raised thereby to 
enable the combustion to spread beyond their immediate influence. 
The accurate analysis of water from any source, purified from all 
foreign admixture, by whatever agent effected, will give the same 
quantitative result. Oxygen and hydrogen gases, also, unite slowly in 
the same proportions, when they are exposed to a temperature above 
the boiling-point of mercury, and below that at which glass begins 
to appear luminous in the dark. 

§ 448. I3iit though the composition of substances is thus 
definite and limited, it by no means follows that bodies can combine 
only in one proportion : on the contrary, most bodies can unite in 
several ; but all the compounds are equally definite and fixed. 
They are, moreover, restricted by this singular law, namely, that 
the combining quantities always bear some simple ratio, to each 
other. Thus, when two gases combine together, in equal volumes, to 
constitute a definite compound, if more combinations take place, they 
will be in the proportion of 1 volume to 2, or 1 to 3, or 1 to 4, &c., 
or the compounds may form a series, in which the ratios may be as 
2 to 3, or 2 to 5, &c. The proportions are always some simple mul- 
tiples or sub-multiples of each other. Such variations of proportions 
admit of nothing intermediate, and they as completely constitute 
new species of matter as do the combinations of different elements. 
We will endeavour to illustrate the laws of definite and multiple 
proportions by the combinations of nitrogen with oxygen. 
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$ 449. The chemical affinity between these-. two elements ie 
very powerful ; but ■'nevertheless it is extremdiy difficult to cause 
them to unite directly. Thie is doubtless one provident security for 
the permanence and salubrity of the mixed atmosphere which we 
breathe; for all their comfpounds ndxious^.and most them 
corrosive and poisonous. 

The slow combination bf nitrogen and oxygen maybe laboriously 
effected in the same way as that of hydrogen and oxygen when not 
in explosive proportions ; that is to say, by passing a succession of 
electric sparks through the mixture (§ 447) ; but in no proportions 
of the two gases is sufficient heat disengaged to maintain the com* 
bustion by itself. We owe to Mr. Cavendish the discovery that 
the formation of one of the most powerful acids with which we 
are acquainted, namely, aqua-fortis^ or nitric acid^ is the result of 
this process. 

By arranging two metallic wires upon a piece of dampi litmus 
paper, in such a way that a rapid succession of spaAs may pass 
from the prime conductor of the electrical machine between them, 
we may always obtain evidence of this action in the red line which 
will appear in their path ; and if a piece of filtering paper be 
steeped in a solution of potassa, and the sparks be passed over it in 
the same way, the acid as it is formed will neutralize the alkali, and 
the paper will afterwards burn with scintillations, just as if it had 
been steeped in solution of nitre. 

§ 450. Nitre, which is spontaneously produced upon the soil 
in many parts of the world, as Spain and the East Indies, and is an 
article of extensive commerce, is, in fact, a secondary compound of 
this acid and alkali. It is the great source of all the nitric acid 
which is used in the arts, which is procured from it by the superior 
affinity of sulphuric acid, or oil of vitriol, for the potassa with which 
it is combined. The salt is put into a retort, the acid poured upon 
it, and a gentle heat applied; the nitric acid passes over in the 
state of vapour, and is condensed in a proper receiver (105). 

In this compound, nitrogen is oxidated to the utmost ; but before 
wo state the defini^^p proportions of its two elements, it will be more 
satisfactory to examine the compounds which may be obtained by 
the partial abstraction of oxygen from it. 


(105) The process may be conducted in the apparatus represented 
in the next page, a is a tubulated retort, connected with the receiver, 
5, the tube of which descends into the bottle, c. When the retort is 
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5 451. Upon putting some metallic zinc into a mixture of 
nitric acid and water, in the proportion of 1 measure of strong acid 
to 16 measures of water, and applying a moderate heat, a gentle 
eflfervescence will take place, and a gaseous product may be collected. 
In this operation the zinc takes oxygen from a part of the nitric 
acid, and forms the same oxide which is produced by its combustion 
in oxygen, and this combines with another portion of the acid. 
But the decomposition is not complete, and we shall find that the 
gas which passes over is not nitrogen, but a compound of nitrogen 
with the smallest proportion of oxygen, and possessed of far dif- 
ferent properties. 

§ 452. This new combination of nitrogen and oxygen may 
be best obtained, however, and in the purest state, by the action of 
heat upon a salt which we shall hereafter particularly examine, 
and which used to be called nitrum but is now known 

by the name of nitrate of ammonih. Some of this compound may 
be placed in a glass retort, and gently fused over au argand lamp. 
It must be cautiously kept simmering, when it will give off the gas 
in question, which may bo best collected in bottles over hot water, 
as it is considerably soluble in that liquid when cold. 


charged with the proper proj)ortions of nitre and oil of vitriol^ and a gentle 
heat applied by means of the lamp, d ; the nitric acid palsses over in 
vapour, and is condensed in the receiver, 5, from whence it flows into 
the bottle, c. 
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It k a ooioiirless elastic fluid, couaiderably heavier than common 
air, 100 cubic inchee weighing about 47.3 grains. It is not, how- 
ever, permanently elastic ; for by subjecting it to a pressure of about 
50 atmospheres, Dr. Faraday obtained it in the liquid form at 45® 
Fahrenheit. It was thus procured by sealing up some nitrate of 
ammonia in a bent tube, and heating it at one end, while the other 
end was kept cool ; an experiment which must always be attended 
with risk from the enormous pressure upon the tube. It has a 
sweetish taste and faint agreeable smell, both of which it imparts to 
water ; which, at ordinary temperatures, absorbs about its own bulk 
of the gas. Animals when wholly confined in it, speedily die; but 
it may be breathed a short time with impunity, from its becoming 
diluted with the atmospheric air in the lungs. 

It provinces a most extraordinary excitement in the persons who 
inhale it. The experiment may be tried by filling a clean bladder 
or silk bag with the pure gas, and inhaling it frequently through a 
pipe attached to a stop-cock. The sensations which it produces have 
been variously described by different persons; but most of them 
have agreed that they are very agreeable, and much resemble the 
exhilarating effects of spirituous liquors. It has generally occa- 
sioned an irresistible propensity to laughter and muscular exertion ; 
not followed by that depression and sense of lassitude which gene- 
rally succeed excitement from fermented liquor. 

It has no action upon vegetable colours, and is therefore neither 
acid nor alkaline. Many substances, when introduced into it in a 
state of inflammation, continue to burn, and with increased splen- 
dour, from their superior affinity for the oxygen with which they 
combine, setting the nitrogen free. The glowing wick of a partially 
extinguished taper is immediately kindled into flame. Iron wire 
and red hot charcoal burn in it with nearly the same splendour as 
in oxygen gas, but for a shorter time ; and the action of phosphorus 
is so violent as almost to amount to explosion. When with 

Viydrogen, it will detonate by the application of flame, or by an 
electric spark. 

§ 453. Its exact analysis may therefore be thus performed : — 
Mix a measure of the gas with an equal measure of hydrogen, and fire 
the mixture in the apparatus before described (§ 431). One measure 
of pure nitrogen will remain. The measure of hydrogen has wholly 
disappeared, and must have entered into combination with half a 
measure of oxygen ; for these are the proportions in which we have 
previously ascertained these two elements to combine. We further 
conclude that, when in combination with the nitrogen, the whole 
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Tolume of the latter, and the half volume of the former, must have 
been condensed into one volume ; and a comparison of the specific 
gravities of the gases confirms this conclusion : for 100 cubic inches 
of nitrogen, weighing 30.1 grains, uniting with 50 cubic inches of 
oxygen, weighing 17.2 grains, without altering its bulk, must form a 
compound, 100 cubic inches of which will weigh 47.3, as has been 
found from direct experiment (106). 

§ 454. And this leads us to remark further upon the law of 
definite and multiple proportions in relation to gases, that, when- 
ever, in composition or decomposition a change of volume takes 
place, the enlargement or condensation always bears some simple 
ratio to the original bulk. It is always double or triple, or half, &c. 
Thus, in the combination of two volumes of hydrogen with one of 
oxygen, the three volumes are condensed into two of steam. 100 
cubic inches of hydrogen weighing 2.15 grains, added to 50 cubic 
inches of oxygen 17.2, are equal to* 19.35 grains, the weight of 100 
cubic inches of steam ; as it is found by experiment when properly 
corrected for temperature and pressure (104). 

This compound of nitrogen and oxygen was discovered by Dr. 
Priestley ; who, according to the favourite hypothesis of the day, 
named it dephlogisticated nitrous air. 

§ 455. The deoxydation of nitric acid maybe effected in a less 
degree by mixing it with only one half its bulk of water, instead 
of diluting it with sixteen times its bulk. The action of the zinc 
upon it is much more violent : but for the purpose of.^oUecti^ the 
product it is best to employ mercury. Upon podriig th# acid 
upon the metal, a violent effervescence soon ensues, which, at first, 


(106) The following will be the symbolic representation of this 
compound of nitrogen and oxygen by volume. 


I Nitrogen. 

100 cubic inches. 
I 30.1 graini. 


Oxygen. 

50 cubic iiichct. 
17.9 gruiiii. 


f STitrous Oxide. 

100 cubic inches. 

> 47*3 grains. 


And with regard to its decomposition by hydrogen,— 

i + l Hydrogen. 
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produces a red vapour in the retort ; but upon collecting the gas, it 
is found to be colourless. 

This gas is a permanent elastic fluid ; very sparingly soluble in 
water, and does not, when pure, act upon vegetable colours. It is 
wholly irrespirable. The flame of most combustible bodies, as of a 
taper or sulphur, is instantly extinguished by being immersed in it, 
but it parts with its oxygen to charcoal, or phosphorus, if introduced 
in a state of strong ignition ; and they burn in it with increased 
energy. It does not explode when mixed with hydrogen in any 
proportion ; but it colours its flame green when mixed with it and 
burnt in the common air. 

It is but little heavier than common air, 100 cubic inches 
weighing about 32.2 grains; when mixed with oxygen or common 
air, deep red fumes are generated, and if the experiment be made 
over water a great absorption takes place ; and when the oxygen is 
perfectly pure, and the mixture made in proper proportions, they 
combine together and totally disappear. The composition of this 
gas has been accurately ascertained by the careful combustion of 
charcoal in a known measure of it. After the operation, an equal 
measure of gas remained, which was found to consist of half a 
measure of carbonic acid, which was absorbed by potassa, and half 
a measure of nitrogen. 

Now, charcoal combines with oxygen to form carbonic acid 
without altering its bulk, and hence, we conclude that the nitrogen 
of the compound was combined with an equal volume of oxygen 
without change of volume, a result which exactly agrees with its 
specific gi^f^yity; for 50 cubic inches of nitrogen, 15 grains, added to 50 
cubte;inch# bf oxygen, 17.2 grains, make a sum of 32.2 grains, the 
weight as we have already stated of 100 cubic inches of the gas (107). 


(107) Tlie constitution of the second compound of nitrogen and 
oxygen may be represented as follows : — 


Nitrogen. 

100 (’iibic incliei. 
30.1 gnitu. 

Oxygen. 


Nitric Oxide. 

too cubic inclirs. 



34.4 grain* 


900 cubic inches. 

64.5 grainn. 


No condensation of volume here takes place. 

Its decomposition by charcoal may be thus represented. 


Nitrogen. 

Oxygen. 

4 - Carbon = 

Carbeinfo A«id. 

+ 

Nitrogen. 

Oxygen 














CHEMICAL NOMENCLATURE. 

H«re we find, then, that the quantity of oxypn combined with 
the nitrogen, is exactly double that of the preceding compound. 

§ 456. The difference of the action of |fydrogen upon the 
two oxides of nitrogen is remarkable, and is probably referrible to 
the state of condensation in the elements of the first. The divellent 
affinity of the hydrogen for the oxygen, is here assisted by the elastic 
force with which it tends to escape from coercion. In the latter, 
no compression of the elements exists, and no such auxiliary force is 
exhibited. ' 

§ 457. Before we proceed with our investigation, we must 
say a few words upon the mode of naming these new creations of 
chemistry ; — ^these unfamiliar forms of matter, to the numher of 
which the progress of science is daily adding ; — for which common 
language cannot have provided distinctive appellations. Unless 
this be done upon some well-digested plan, utter confusion arises ; 
and without some artificial helps, the most retentive memory would 
be insufficient to the task of recalling them at need. 

We are indebted to the labours of four eminent French che- 
mists, — Lavoisier, Berthollet, Guyton Morveau, and Fourcroy, — for 
having effected this important service ; their systematic nomencla- 
ture has, indeed, greatly conduc^^^by its simplicity, and its ready 
adaptation to new facts, to the advancement of science. The 
principles of this nomenclature, which have required some modifi- 
cation and extension with the progress of experience, we shall 
endeavour to explain as we proceed, and to apply as occasion may 
require ; in conformity with our plan of proceeding gradually from 
the known to the unknown. 

§ 458. Trivial names, or names which are not descriptive, 
may be given to simple substances; and they are even the best 
when others may be readily compounded from them ; but it 
is of great importance that compound bodies should be desig- 
nated by names which may recall their constitution. Of all ele- 
mentary substances, oxygen has the greatest range of affinity; 
and it is capable of entering into combination with all the other 
elements in a vast variety of proportions ; it is therefore of great 
importance to distinguish its compounds clearly. Of its primary 
products, those which are not acid are termed Oxides : thus, in the 
systematic language, water is an oxide of hydrogen, and the two 
compounds of oxygen and nitrogen which we have just examined, 
are oxides of nitrogen* When more than one such compound with 
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the s^e body is known, they are distinguished as first, second, and 
thii*d oxide, &c., by the appellations, derived from the Greek ordinals, 
of jDro^oxide, deutoxMQ^ ^reVoxide, &c., or the furthest degree of 
oxidation which does not confer the property of acidity, is distin* 
guished by the LalSii particle per^ indicating the superlative degree ; 
peroxide of mercury designating the red compound, to which we 
have so often referred, of that metal with oxygen. 

§ 459. Having found that the law of multiple proportions is 
maintained, both by measure and weight, in the composition of the 
protoxide and deutoxide of nitrogen, let us proceed to examine the 
next combination of these elements; and this may be produced 
synthetically by the addition of oxygen to the deutoxide. The 
gases for this purpose must not bo mixed over water or mercury ; 
but in an exhausted glass globe or receiver. In this way, if one 
measure of oxygen be added to two measures of the deutoxide, they 
will be condensed into one -third of their joint volume, and form a 
deep orange-coloured gas, which is the nitrous acid. Now a volume 
of the deutoxide, we know, consists of half a volume of nitrogen, and 
an equal measure of oxygen : two volumes, therefore, contain one 
volume of nitrogen and one of oxygen, and another volume of oxygen 
added, condenses the whole three volumes into one volume of the 
new compound, which must, therefore, contain twice the oxygen of 
the deutoxide, and four times thl^ oxygen of the protoxide (108). 

§ 460. This gas will support the combustion of common 
combustibles; an inflamed taper and phosphorus burn in it most 
vividly, and charcoal with a dull red light. Water dissolves it 
with great rapidity, and acquires a "green tint, which changes to 
blue, and finally to yellow, as more of the gas is absorbed. The 
solution is intensely sour, reddens the blue colour of litmus, and 
stains animal substances yellow. 

§ 461. When a ray of light> which has been passed through 
even a very dilute mixture of this gas and common air, is exa- 


(108) The composition of this compound of nitrogen and oxygen, 
and its synthesis, from the deutoxide and oxygen, may be thus repre- 
sented : — 


Nitrogen. 

Oxygen. 

100 cubic inches. 

4. 

Oxygen. 

100 cubic inches. 


Nitrous Add. 

100 cubic inches. 
30.1 (ruins. 

34.4 groins. 


34.4 f rains. 


98.9 grain*. 
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mmed with a prism, the spectrum is found crossed with a series of 
h^k lines of a similar character to those to which we have before 
alluded, as being perceptible in a well defined solar spectrum (§ 233), 
Heat has a cuj|kgie influence upon its action upon light; at a low 
temperature or P^^Fahrenheit, it is colourless ; at 32°, it is of a yel- 
low colour; and at common atmospheric temperatures, it assumes 
various shades of orange yellow. As it becomes hotter, its colour 
deepens till a ray of the brightest sunshine is incapable of penetrat- 
ing through even a dilute mixture. 

The gas is very easily condensed by a temperature of 0° to the 
liquid state. In this form it is powerfully corrosive ; possesses an 
intense acid taste and pungent odour, boils at 82° and rapidly 
evaporates at lower temperatures. 

§ 462. By passing deutoxide of nitrogen slowly into oxygen 
gas standing over water, we form the nitric acid with which we set 
out. In this operation, four volumes of the former gas unite with 
three volumes of the latter, and the compound must therefore 
consist of two volumes of nitrogen and five volumes of o^gen. The 
acid, as it is formed, is absorbed by the water, and would indeed 
appear to be incapable of existing except in union with that liquid, 
or some saline base. The strongest acid which can be procured by 
the process of distillation from ni ti^ha s a specific gravity of 1.504, 
in which three proportions ^cid, constituted as above 

stated, are condensed with two voUSies of steam (109), 


(109) The composition of the nitric acid, and the cliangcs which 
take place upon slowly passing deutoxide of nitrogen into oxygen, is 
here exhibited in volumes of the ingredients; — 


Nitrogen. 

Oxygen. 

Oxygen. 


Nitrogen. 

Oxygen, 

Oxygen. 


Oxygen. 


Oxygen. 


Oxygen. 
yw ' 
Oxygen. 


Oxygen. 



Oxygen. 

Nitrogen. 

Oxygen. 

Oxygen. 


Oxygen 

Ox}'gcn. 



Oxygen. 

Nitrogen. 

Oxygen. 

Oxygen. 


Oxygen. 

Oxygon. 


Oxygen. 
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§ 463. The aqueo^nitric acid is a highly corrosive fluid, 
and acts as a powerful cautery when applied to the skin, which it 
stains of a permanent yellow. It is often decomposed with great 
violence by substances which have a strong for oxygen ; 

which enters so largely into its composition. If it be brought into 
cohtact with hydrogen at a high temperature, a violent detonation 
will be the consequence; but the experiment is dangerous, and 
should not be made without great caution. When poured upon 
warm dry charcoal in powder, combustion ensues, with the emission 
of copious fumes arising from the disengagement of deutoxide of 
nitrogen. Oil of turpentine may be inflamed by suddenly pouring 
strong nitric acid into it. 

Chemists continually employ this acid for the purpose of bring- 
ing bodies to their maximum state of oxydation. Nearly all the 
metals may be thus converted into oxides, and all vegetable and 
animal substances maybe combined with oxygen. The acid, during 
these processes, yields up three-fifths of its oxygen, and passes to the 
state of deutoxide of nitrogen : an example of which decomposition 
we have in the process for making that gas. 

§ 464. When more than one acid is formed by the combina- 
tion of any body with oxygen, .the chemical nomenclature distin- 
guishes them by the terminat:ijgjfe|?M« and ic^ conferring the first 
upon the acid which contains t^Rst oxygen, and the second upon 
that which contains the most. We denominate the compound of 
one volume of nitrogen and four of oxygen, the nitrow^ acid, and 
that of one and five the nitivV. 

§ 465. Thus, then, we have become acquainted with four 
compounds of nitrogen and oxygen, in which the proportions of the 
latter element to the former, taken by measure, are in the higher 
compounds multiples of the lowest: distinguishing them by the 
initial letters: — 

1 N 4- A O = Protoxide of nitrogen. 

1 N -f 1 O = Deutoxide of nitrogen. 

1 N -f 2 O = Nitrous acid. 

IN + O = Nitric acid. 

Here it will be observed that to forpi a complete series, there is 
wanting a compound between the deutoxide and nitrous acid of 
IN + HO, which for a long time was unknown ; but for which 
M. Gay Lussac, who first obtained it, was induced to seek carefully 
by experiment, in full reliance upon the iiivariableness of the law 
which we are endeavouring to illustrate. 
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§ 466. By forming a mixture of deutoxide of nitrogen and 
oxygen over mercury, instead of water, in the proportion of four 
volumes of the former and one of the latter, and throwing in a little 
solution of potassa, a combination takes place, and an acid is formed 
which immediately enters into secondary combination with the 
alkali ; but which cannot afterwards be separated without under- 
going decomposition. The compound is of so unstable a nature 
that whenever a stronger acid is added for the purpose of disen- 
gaging it from the base, it is resolved into the two more permanent 
compounds, deutoxide of nitrogen and nitrous acid. It is of very 
little importance except as supplying the link which was deficient 
in our chain of simple multiples. This acid was distinguished by 
its discoverer, by prefixing the Greek preposition hypo, signifying 
under, to the nitrous acid, and thus indicating its inferior degree of 
oxygenation ; he called it the hypo-nitrous acid (110). 

§ 467. The quantities thus expressed by measure, are easily 
converted into the corresponding quantities by weight ; when the 
same law of multiple proportions will of course appear ; as in the 
following Table : — 

100 0 4- 177 N = Protoxide of nitrogen. 

200 O + 177 N =: Deutoxide of nitrogen. 

300 0 -f 177 N si Hypo-nitrous acid. 

400 O 4 - 177 N =: Nitrous acid. 

500 O 4- 177 N == Nitric acid. 


(110) The composition of the hypo-nitrous acid, by volume, is as 
follows ; — 


Nitrogen. 

Oxygen. 

Oxygen. 


Nitrogen. 

Oxygen. 

Oxygen. 


+ 


Oxygen. 


Oxygen. 


Nitrogen. 

Oxygen. 

Oxygon. 


Oxygon. 


Nitrogen. 

Oxygon. 

Oxygen. 


Oxygen. 
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Between these compounds there is none intermediate, and the 
constitution of each is invariably fixed and definite. 

§ 468. The complete change of properties which characterizes 
these definite combinations under the force of affinity, cannot, 
perhaps, be better exemplified than by this series of compounds : 
each is essentially different from the other, and as regards their 
effects upon the human constitution, pleasure and suffering, laughter 
and death are at the two extremes. In reviewing them all, it is 
almost impossible not to be impressed with the wonderful nature 
of that species of attraction, which by the approximation of the 
particles of two bodies, and the mere variation of the proportions, 
can confer such essentially different qualities upon matter ! In the 
atmosphere by which we are surrounded, we are presented with an 
active principle, essential to the existence of life, but injurious in 
its pure state, diluted by measure and weight with an inert fluid 
to the exact proportion which is most beneficial to animal existence : 
it is perpetually consumed, and perpetually renewed; but never 
falls short of its determined quantity. This bland, tasteless, ino- 
dorous, invisij)le mixture, in which we are constantly immersed, 
and upon the maintenance of which our existence depends, is, by 
the approximation of its particles in a manner to us mysterious, 
capable of being converted into a poisonous, corrosive, suffocating 
red vapour, which instantly destroys all organized matter. By 
approximating them in other proportions, an intoxicating deleterious 
air is produced, or compounds with other properties, but all destruc- 
tive of life. Such affinities, it is clear, exist ; but, providentially, 
are controlled by the same power which ordained the laws of nature. 

§ 469. The course of our investigation will lead us next to 
inquire whether nitrogen be capable of forming any combinations 
with hydrogen, and what the nature of these combinations may be. 

The two gases may, of course, be mixed together in any propor- 
tions ; but there are no known means of causing them to unite 
directly in a more intimate manner. One such compound may, 
however, be formed indirectly. Strong acid will not be 

acted upon by tin ; and indeed there are fR’eral metals, iron 
amongst the number, which remain perfectly bright in acid of the 
specific gravity 1.5. When diluted with half its bulk of water, 
rapid decomposition of the acid takes place, and tin is converted 
into a white oxide, with a violent extrication of deutoxide of 
nitrogen. If some of the bulky white powder thus produced be 
rubbed in a mortar with some alkaline base, such as potassa or lime, 
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the well-known pungent smell of hartshorn is emitted ; and a piece 
of moistened turmeric-paper held in the fumes will be turned brown, 
testifying the escape of some volatile substance with alkaline 
properties. 

In this process the tin not only effects the decomposition of the 
acid, but also of the water, combining with the oxygen of both, 
and a portion of nitrogen and hydrogen are set free at the same 
time, and immediately form a new compound. This compound is 
alkaline, and, consequently, enters into secondary combination with 
a portion of the acid. By washing the oxide of tin, and evaporation 
of the solution, the resulting salt may be obtained in crystals. 

§ 470. There is a saline body of the same nature well known 
in the arts by the name of sal-ammoniac^ which was so called 
because it was formerly obtained near the ruins of the temple of 
Jupiter Ammon, in Africa; if some of this salt, finely powdered 
and mixed with an equal (juantity of unslaked quick-lime in 
powder, be introduced into a small glass retort, and exposed to heat, 
it will give off a gas which may be collected over mercury, but is 
rapidly absorbed by water. It possesses the peculiar pungent smell 
to which \ve have just referred, and when drawn into the mouth 
destroys the cuticle; and an animal plunged into it is instantly 
suffocated. 

It is colourless, and possesses all the mechanical properties of the 
air. It possesses an acrid, caustic, taste, which it communicates to 
its watery solution. The flame of a taper jdunged suddenly into it 
is extinguished, bu#^ if slowly and cautiously introduced the flame 
becomes enlarged with a kind of yellow halo, indicating a disposition 
of the gas itself to burn. In fact, if a small jet of it be thrown 
into a jar of oxygen, it may be ignited : the product of the combus- 
tion being water and nitrogen. 

§ 471 . A mixture of the gas with oxygen, in the proportion 
of two volumes to one and a half, may be inflamed just as a mixture 
of hydrogen and oxygen. 

The mere passing of electric sparks through it effects its decom- 
position ; and it may also be decomposed by transmitting it over 
red-hot iron, or copper placed in a tube (111). By these processes 


(111) Tlie gas for this purpose may he contained in a bladder, «, 
from which it may he gradually expelled through the tube, h 6, which 
contains a coil of copper wire, and is kept heated in the furnace, c. The 
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its bulk is gradually enlarged ; and when two or three hundred 
discharges have passed through a cubic inch of it, it will be found 
to have doubled its volume. Two volumes, therefore, by their 
decomposition, produce four volumes, which are found to consist of 
three volumes of hydrogen and one volume of nitrogen. 

§ 472. Now, 150 cubic inches of hydrogen weigh 3.22 grains, 
and 60 cubic inches of nitrogen 15.07 grains, making together 18.29 
grains ; which, as two volumes are exactly condensed into one, will 
be the calculated weight of 100 cubic inches of this compound, and 
agrees with the result of direct experiment (112). It has been 
named ammonia^ from the sal-ammoniac from which it was first 
procured. 

§ 473. Ammonia has been liquefied by Dr. Faraday with a 
pressure of 6^ atmospheres at 50"* Fahrenheit. Its solution in water 
is an article of great importance and extensive use. It may be pre- 
pared by passing the gas, as it is formed at once, into water ; which, 
at the temperature of 50°, will take up 670 times its own volume. 
The bulk of the water is thereby increased, and its specific gravity 


gases arising from the decomposition may be collected in the jar, 
standing in the water-trough and measured. 



(112) The results of this analysis are thus represented in volume. 
The condensation is of four volumes into two : — 



Hydrogen. 

100 cubic iiicfic*. 
V.15 grain*. 

Nitrogen. 

100 ciihii- incliri. 
30.1 grains. 

Hydrogen. 

100 cubic inches, 
a 15 grains. 


Hydrogen. 

100 cubic inches. 
a.15 grains. 


Ammonia. 

100 vnliir iuches 
36.55 graint. 
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diminidbed: that of a saturated solution being .875, The solution 
maj, be more eonveniently made by covering the mixture of iime 
and sal-ammoniac with water, and after allowing it to stand for 
some hours, pouring off the clear solution and distilling. The force 
of adhesion between the ammonia and the water is so great, ^at 
the solution rises in vapour, and is afterwards condensed. The 
solution possesses the peculiar pungent smell, taste, and alkaline 
properties of the gas itself, and has the same action upon v^etable 
colours. 

§ 474. The affinity which \ye have been hitherto considering 
has been between the ultimate particles of bodies: the chemical 
composition, which hence results, by no means in every case satu- 
rates or satisfies their chemical attraction, but leaves many of the 
compounds with the power of entering into secondary comhination^ 
proximate principles^ from which new classes of bodies arise with 
perfectly new properties, but in which the power of combination is 
satisfied, and the chemical forces are in a state of equilibrium. 
These secondary combinations again are strictly subject to the same 
laws of definite and multiple proportions. We will illustrate this 
more particularly by the mutual reaction of ammonia and the nitric 
and carbonic acids, which we have formed out of the ingredients 
of the atmosphere. 

§ 475. By carefully dropping a solution of ammonia into 
dilute nitric acid they may bo made exactly to neutralize one 
another, and the exact point of mutual saturation may bo easily 
ascertained by colouring the first green and the second red by some 
blue vegetable colour. The blue colour will be restored when the 
acid and alkaline properties disappear. The solution will then be 
neither acid, corrosive, alkaline, nor caustic, but its taste will be 
saline and cooling. By careful evaporation of the water at a tem- 
perature not exceeding 100® Fahrenheit, a salt may be obtained in 
crystals, which is the same as that which wc described as formed by 
the violent reaction of water, nitric acid, and tin (§ 4G9). These 
crystals have been ascertained to be composed per cent, of : — 

Acid. . . , . 07.63 

Alkali . . . . 21.14 
Water .... 11.23 

100.00 


We may separate the whole of it» acid from this compound, by the 
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strcrngor af&nity of aulphuric aeid for the ammonia: or we may 
separate its alkali by ^e superior attraction ot lime for the nitric 
acid. 

It is also the same salt as that which we employed for the forma- 
tion of the protoxide of nitrogen (8 462) : and if this experiment 
be carefully conducted, it will be found that its full weight will be 
obtained in protoxide and water. It is clear, then, that the whole 
influence of the heat is to produce a new and more stable arrange- 
ment of the heterogeneous particles concerned without any loss : 
and the study of this play of affinities we shall find very instructive. 

§ 476. That the water should pass off at a high temperature, 
any one might probably anticipate ; but that the hydrogen of the 
ammonia should be exactly sufficient to combine with the oxygen 
of the acid, and leave the nitrogen of both in the lowest degree of 
oxygenation, as the protoxide, is very remarkable. There is not the 
slightest excess or deficiency in any of the elements; but the 
definite proportions of the first compounds contain the exact quan- 
tities for the second, which are equally definite. Let us state the 
proportions of each per cent., as we have' just done the proportions 
of the proximate principle of the salt. 

Nitric Acid .... Nitrogen 25.9 

Oxygen 74.1 

100.0 

Ammonia Nitrogen 81.13 

Hydrogen 18.87 

1^.00 

Protoxide or Nitrogen Nitrogen 63.6 
Oxygen 36.4 

100.0 

Water Hydrogen 11.1 

Oxygen 88.9 

100.0 


§ 477. Now, under this form of stating the proportions in 
which bodies are combined, in 100 parts of the compound, which 
would obviously be the first mode of comparing the results of 
analy ses, a great and comprehensive truth for a long time lay hid, 
the evolution of which constitutes one of the greatest steps that the 
science ever made. It will at once appear by changing the expres- 
sions of all into the same ratios with reference to one common 
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standard of comparison. Let us, for instance, assume a fixed 
measure of 100 cubic inches of nitrogen for this purpose; then, 
according to our preceding results, — 

100 N -f 250 O = Nitric acid^ \ 

100 N + 300 H = Ammonia. >Nitrate of Ammonia. 

100 H + 50 0 = Water. J 

200 N 4- 400^ff + 300 O 

But these proportions of the elementary substances are capable 
of being arranged in the following order : — 

100 N + 50 O zr: Protoxide of Nitrogen, 

100 N + 50 O r= Protoxide of Nitrogen. 

100 H -f 50 O = Water. 

100 II + 50 O = Water. 

100 H -f 50 O = Water. 

100 11 4- 50 0 = Water. 

200 N + 400 H 4- 300 O (113). 


(113) The symbolic representation of this change is as follows 

Ammonia. 



Protoxide of Nitrogen. 


Watef, 
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§ 478. Or, let us make the same comparison by weight, with 
reference to 100 grains of oxygen as a standard. 

177 N + 500 O = Nitric acid.l 
177 N + 37.5 II = Ammonia. VNitrate of Ammonia. 
12.5 H + 100 O = Water. j 

354 N + 50 II + 600 O 


which are equivalent to 


177 N 
177 N 

12.5 II 
12.5 11 
12.5 II 
12.5 II 


100 O r=: Protoxide of nitrogen. 
100 O = Protoxide of nitrogen. 
100 O = Water. 

100 O = Water. 

100 O r= Water. 

100 O — Water. 


354 N + 50 II + (500 O 


Here it is evident that a definite proportion of the crystallized salt, 
formed by nitric acid, ammonia, and water, is exactly equivalent to 
two proportions of the protoxide of nitrogen and four proportions of 
water. 


§ 479. The ratios of the combining substances, though difib- 
rently expressed, are the same as those stated in 100 parts of each 
compound ; but we now perceive that there is a much more exten- 
sive connexion between them, and that they are all definitely 
related. Thus, 177 parts of nitrogen combine with 100 parts of 
oxygen to constitute the protoxide of nitrogen, and the same quan- 
tity combines with 37.5 parts of hydrogen to form ammonia; and 
this is exactly throe times the amount of that element which ccyii- 
bines with 100 of oxygen to form water. Again, if we add together 
on one hand the proportions of nitrogen and oxygen which enter 
into the composition of nitric acid, and on the other the proportions 
of nitrogen and hydrogen which form ammonia, the respective sums 
will express the ratio in which the acid and alkali combine : 
thus, — 

177 N + 500 O = 677 Nitric acid. 

177 N + 37.5 II = 214.5 Ammonia. 

891.5 Nitrate of ammonia. 

And if we take the proportions of oxygen and hydrogen in water, 
we shall have the amount of that compound which enters into the 
constitution of the crystallized salt : thus, — 


X 
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100 0 + 12.5 II = 112.5 Water. 

891.5 =r Nitrate of ammonia. 

1004 0 — I nitrate of 

l ammonia. 


§ 480. A similar relation exists between all the compounds 
which result from the action of chemical affinity ; and certain definite 
unchangeable quantities of the elementary substances arc equivalent 
to each other in combining, either in single or multijdo proportions: 
while the amounts of the several proximate principles, so consti- 
tuted, are also equivalent to one another in entering into secondary 
combination. 

§ 481 . The full development of the laws of definite^ multiple^ 
and equivalent proportions in chemical combination, can only be 
found in the complete body of chemical science ; but it may con- 
tribute to that clear idea of their nature and scope which it is 
desirable to obtain at the outset to illustrate them by the mutual 
exchange of ])rinciples which may take ])lace between two salts by 
double decomposition, and vdiich may |be effected without going 
beyond those forms of matter with wliich the coiifse of our inquiry 
has already made us accjuaiiitcd. 

We have ascertained the composition of carbonic acid, both by 
analysis and synthesis, to be ])er cent. 72.73 oxygen and 27.27 
carbon. WMth reference to 100 oxygen, the carbon would be 37.5 ; 
lfS7.5 therefore, or some simple multiple of this amount of carbonic 
acid, ought to be equivalent to (>77. of nitric acid in combining with 
214.5 of ammonia. 

Upon making the experiment we shall find that, when one 
voiume of carbonic acid and two volumes of ammonia arc mixed in 
a glass vessel over mercury, a complete condensation ensues, and a 
saline body is produced in the form of a white powder. It therefore 
contains, in 100 parts by weight, 56 carbonic acid and 44 ammonia; 
or, with reference to 100 oxygen, 275. carbonic acid and 214.5 
ammonia: 275. therefore (or, 137.5 x2) is the quantity of carbonic 
acid equivalent to 677. nitric acid. Again, if we take lOO.S parts 
of the salt of nitric acid and ammonia, (coin])osed of N A 67.7 + A 
21.4 + W 11.2,) and decompose it by the superior affinity of lime, 
the whole of the ammonia will be driven off* and replaced by 35.5 
parts of that base, which are therefore equivalent to 21.4 of 
ammonia ; and the salt remaining will consist of 67.7 nitric acid 
and 35.5 of lime. 
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§ 482. And now we have it in our power to apply the most 
convincing test of the accuracy of the law ; for if we take ecpii valent 
solutions of the two salts, one formed of carbonic acid and ammonia, 
and the other of nitric acid and lime, and mix them together, a 
double exchange of acids and bases will take place : the carbonic acid 
will separate from the ammonia and combine with the lime (and 
tlie compound carbonate of lime being insoluble will be thrown 
down in the solid state) : at the same time the nitric acid separating 
from the lime will combine with the ammonia (and will remain in 
solution). The exchange will be perfect, neither acid nor base of 
any kind will be in excess ; but the (quantity of lime which exactly 
sufficed to neutralize the nitric acid will be exactly sufficient to 
neutralize the carbonic acid ; and the quantity of ammonia which 
was combined with the carbonic acid will be precisely that which is 
rc(|uircd to enter into composition with the nitric acid. The definite 
proportions of the ingredients of each compound are, in short, 
equivalent to each other in all other compounds into which they are 
capable of entering (114). 

§ 483. As the decomposition of a compound by the stronger 
attraction 6f soiiits other body for one of its components is said to 
take place by elective affinity, so this process of double decom- 
position and recomposition is double-elective affinitiq; and 

it sometimes ha])pons that bodies which cannot be separated by the 


(114) The rcdiitlons of the several equivaleiits vhich enter into 
the composition of the original and resulting compounds, are clearly 
seen in this diagram. 

Nitrate of Ammonia. 


Nitrate of Lime, 
lead 


Nitric Acid. 
07.7 


I.ime. 


Ammonia. 

21.4 


Carbonic Acid. 
27.r» 


Carbonate of Liinu. 
(5.3.0 


Cai'bonate of Ammonia. 
48.0 


On the outside of the perpendicular lines are placed the equivalent quan- 
tities of the original compounds: the equivalent' quantities of their 
proximate principles are placed within the same lines. On the outside 
of the horizontal lines are placed the new results, which are made up of 
a double exchange of principles; the equivalent proportions remaining 
the same. 
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single divellent force of the first, will yield to the combined action 
of the second. 

§ 484. The laws of definite, multiple, and equivalent pro- 
portions in compositions and decompositions resulting from the force 
of affinity, constitute the foundation of chemical science. Their 
establishment has rendered mathematical precision attainable in 
all its reasonings and results, and facilitated its study and exten- 
sion. The results of the crucible and the balance may thus be 
cliecked and corrected by calculations founded upon general princi- 
ples; while every new fact at once finds a ])lace in the general 
system, and is brought into association and comparison with previ- 
ously known phenomena in a way the most advantageous to its exa- 
mination. Every s])ecies of inorganic matter, whether elementary or 
compound, and many of organic composition, are now included in 
tables of equivalents, whose precision is such, that they are capable 
of being transferred to logometric scales; by the sliding rule of 
W'hich the expression of their ratios may be changed and calculations 
facilitated, as by other sliding rules. 

§ 485. For the unit of the scale, or standard* of compa- 
rison, any substance might be adopted, provided its combining 
relations with a sufficient number of other bodies wxre accurately 
ascertained ; but uniformity of ])racticc is as much to be desired in 
this case as in those of the thermometer and barometer. Unfortu- 
nately, however, the cultivators of science have here, again, sacrificed 
a great general convenience to minor and speculative points, and 
two series of numbers are now in use to represent chemical equi- 
valents ; oxygen standing at the liead of one, and hydrogen of 
the other. We have already given an examjde of the first, in the 
comparison which we have made of the combining pro]>ortions 
of such substances as we have had occasion to refer to with ]00 
])arts of oxygen (§ 478). Whether oxygen be taken as 1, 10, or 
100, makes no difference, except as regards fractions and the decimal 
point. The great practical objection to the scale is, the inconvenience 
of the high numbers, or the pcrj)etual and necessary recurrence of 
fractions. One of the great advantages which a scale of equivalents 
offers, is its assistance to the memory, and this is greatly im])aircd 
by the complexity of fractional numbers. 

§ 486. By assuming hydrogen = 1, or unity, we obviate this 
objection. Of all species of matter it enters into combination in 
the smallest proportion by weight, and an hypothesis has been 



CHEMICAL EQUIVALENTS. 


309 


formed, which yet requires confirmation, that the numbers repre- 
senting other bodies are all simple multiples of its equivalent. 
However this may be, it is certain that, for all ordinary purposes, 
they may bo represented by whole numbers of small amount ; for, 
ill the great majority of cases, the difference between any fraction 
and its nearest whole number falls within the limits of the errors 
necessarily attendant upon the present modes of experimenting. 
On these accounts w^e shall prefer it for our present purpose, w^hich 
is more of general illustration than of accurate research. 

The following are the equivalents, upon the hydrogen scale, of 
the several elcinciits and their compounds which wo have hitherto 
examined. 

Table XXXIV. Of Equivalents. 

Elements. 

Hydrogen ... 1 

Carbon ... C) 

Oxygen . . .8 

Nitrogen . . . 14 

Primary Compounds. 

Water II -h O 9 

Ammonia . . . . N -f 3 II 17 

Carbonic acid . . . C -f 2 O 22 

Protoxide of nitrogen . N + O 22 

Deutoxidc of nitrogen N -f 2 O 30 

Hypo-nitrous acid . N -f 3 O 38 

Nitrous acid . . . N -f 4 O . 46 

Nitric acid . . . . N 5 O . . . 54 

Secondary Compounds. 

Carbonate of Ammonia (C -p 2 O) + (N + 3 H) . 39 

Carbonate of Lime (C -f 2 O) -f (L) ... 50 

Nitrate of Ammonia (N-f50)-|-(N-f-3H) .71 
Nitrate of Lime (N -f 5 O) + (L) ... 82 


Lime . 28 
Potassa . 48 


§ 487. Before we proceed to examine some other important 
combinations of the four chemical elements which we have thus 
established, we will make two or three additional remarks upon 
nomenclature, and the system of what is called chemical notation. 

Secondary compounds, or salts, derive their generic names from 
the acid which they contain ; the termination ic being changed into 
ate^ and ous into ite. Thus, a salt of the carbonic acid is a car- 
bonate; of the nitric acid, a nitrate; of the nitrous acid, a nitrite; 
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of tlio hj^o-nitrous acid, a hypchnitrite. Their specific names are 
taken from those of their bases or oxides ; as carbonate of ammonia, 
carbonate of lime, nitrate of ammonia, &c. When a metal, by 
different combinations with oxygen, forms more than one base, their 
salts arc distinguished like the oxides, by the Greek ordinals: tlius, 
the jwro^o-nitrate of mercury indicates a combination of nitric acid 
with the protoxide of that metal ; while the jr>^?r-nitrate of mercury 
designates another salt, into the constitution of which the peroxide 
enters. 


§ 488. Sometimes an acid enters into combination with a 
base in a greater j)roportion than that of single equivalents, the law 
of multiple proportions being still maintained; the excess of acid is 
indicated by Latin prefixes of quantity : thus, wo have the />>/“Car- 
bonate of ammonia, and the .‘.r.‘f^?^/-carbonate of ammonia ; the 
former containing two e(|uivaleiits of the acid, and the latter an 
equivalent and a half. 

On the other hand, the base may predominate over the neutral 
equivalent, when Greek ])refixes are employed : thus, a combination 
of two e([uivalents of oxide of load, and one of nitric acid, is called 
the (f/-nitrate of load ; of three equivalents, ^/vV-nitrate oi lead, &c. 

§ 480. AVe have already, in two or three instances, had 
recourse to a kind of short-hand representation of the composition 
of bodies, formed of the initial letters of the several elementary 
substances connected together by Algebraical signs and numbers : 
the convenience of this system of abbreviation, in many cases, is 
obvious, and it is capable of considerable and advantageous extension, 
provided it be done upon a uniform and distinct plan. 

Each element may be represented by the initial letter of its 
Latin name, adding a smaller letter of distinction where two or 
more begin with the same letter, and the sign may represent, at the 
same time, its relative combining proportion or e(|uivalent* number. 
Several equivalents of the same substance may be indicated ])y 
placing figures before the letter. Thus, JV, will not only stand 
for nitrogen, but 14 nitrogen, and 4 N, will denote four equi- 
valents of that element. The combinations of elements are most 
clearly expressed by the interposition of the Algebraic sign of 
addition + ; thus, N + 5 O, represents the nitric acid ; and 
secondary combinations may bo concisely, and at the same time 
fully described, by placing the elements of each proximate principle 
within brackets, or by connecting them together by a line. Thus, 
(N -p 5 O) -h (N + 3 H,) represents the nitrate of ammonia, and 
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C + 2 0 4* N + 3 H, the carbonate of ammonia. A figure placed 
by the side of a letter, aftbets only the equivalent which the letter 
represents ; but placed outside a bracket, affects all the symbols 
within : thus, 2 (C + 2 O) + (N + 3 H,) signifies the bi-carbonato 
of ammonia, Other convenient abbreviations we shall notice as 
occasion may require. 

Compounds of Oxygen and Hydrogen, 

§ 490. Besides water, there is another compound of oxygen 
and hydrogen, — wdiich is of very late discovery. Its preparation is 
founded upon tlie property which the peroxides of some metals 
])Ossess of throwing off* under the influence of an acid, one or more 
equivalents of their oxygen by which they arc reduced to the state of 
protoxides, with which alone the acid can combine. Thus, if strong 
sulphuric acid, (or oil of vitriol,) be mixed with peroxide of manga- 
nese, pure oxygen gas may be collected from it to the amount of one 
c()ui valent, while only half the amount can be collected from the 
same quantity of the per-oxidc, by heat, in the process which we 
formerly described (§ 410). A protoxide of manganese is thus pro- 
duced, which forms a salt wdth the acid. In the same way the 
peroxide of another metal, barium^ is incapable of uniting witli acids, 
but ])asses under their influence into the state of protoxide, which 
readily enters into combination with them. When the process is 
conducted with the necessary precautions, particularly that of main- 
taining a low temperature, the oxygen which is set free, instead of 
escaping in the form of gas, unites Avith the hydrogen of the water, 
and constitutes a binoxide or peroxide of that element. The process 
is long, tedious and expensive, and it is not necessary for our pur- 
j)ose to enter upon its details: the product is very unstable, and 
can only be preserved in glass tubes surrounded by ice. 

§•491. Peroxide of hydrogen is a colourless, transparent 
liquid, inodorous and of a metallic taste. Its specific gravity is 1.452, 
and it consequently falls to the bottom of water, like syrup, but 
ultimately mixes with that liquid in any proportion. It evaj)orates 
much more slowly than water in vacuo, and, therefore, its solution 
may be concentrated under the receiver of an air-pump. It retains 
its liquid state at great degrees of cold. It has strong bleaching 
powers, instantly destroying vegetable colours, and whitens the skin 
and the tongue when brought into contact with them. It is decom- 
posed with explosive violence by the sudden application of a tempera- 
ture of 212®, and rapidly evolves oxygen oven at 59®. The mere 
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contact of most metals is sufficient to decompose it, and many per- 
oxides act upon it with surprising energy. With oxide of silver, for 
instance, the decomposition is complete and instantaneous ; oxygen 
gas is evolved so rapidly as to produce a kind of detonation ; and 
such intense heat is disengaged that the glass tube in which the 
experiment is conducted becomes red-hot. Acids, on the other 
hand, have the property of rendering the compound more stable. 
Its careful analysis has proved it to be a definite compound of 
one equivalent of hydrogen and two equivalents of oxygen, or 
H + 20 (115). 

Compounds of Carbon and Oxygen, 

§ 492. We have seen (§ 444) that the compound which is 
formed by the direct action of carbon and oxygen upon one another, 
is a gaseous acid in which the proportions of the two ingredients 
are per cent. 27.27 carbon, and 72.73 oxygen : this is the proportion 
of 3 : 8, and if this were the only combination of the two elements, 
3 would be the equivalent of carbon upon the hydrogen scale. But 
according to another experiment (§ 481), 11 does not represent the 
equivalent of carbonic acid, but twice 11 ; for 56 parts of carbonic 
acid combine with 44 of ammonia ; which is the proportion of 
22 : 17. Hence, alone, we may suspect that carbonic acid contains 
in its constitution more than one ec^uivalent of oxygen, and that 
there may bo other compounds of the two elements. 


(115) The constitution of the peroxide of hydrogen maybe thus 
represented : — 


Liquid 

Peroxide of Hydrogen. 


Hydrogen. 

Oxygen. 

« 

1 

Oxygen. 


a 


The proportions per cent, which would agree with this view would 
be 


Hydrogen 
Oxygen . 


Theory. 

Analysis of Thenard. 

5.9 . 

. 6.02 

94.1 . 

. 93.98 

100.0 . 

. 100.00 


We can have no hesitation in here adopting the correction which 
theory affords to the results of experiment. 
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§ 493. If instead of exposing carbonate of lime, or limestone, 
alone to a high heat, in which case we have seen (§ 417) that we obtain 
carbonic acid, we mix it intimately in a powdered state with some 
substance which has a high affinity for oxygen, as charcoal or iron- 
filings, we shall by the same process obtain a gaseous product which 
may be collected over water. 

Carbonic oxide is considerably lighter than carbonic acid, 100 
cubic inches only weighing 30.2 grains. It is speedily fatal to animals, 
extinguishes flame, but burns with a pale blue flame when mixed with 
atmospheric air. It is colourless and tasteless, but possesses a faint 
unpleasant smell. When a jet of it is burned in a cold receiver, no 
water is condensed, proving that it contains no hydrogen ; but the 
product of the combustion precipitates lime-water. When two 
volumes of this gas, and one of oxygen, are exposed to an electric 
spark detonation ensues, and two volumes of carbonic acid are pro- 
duced : proving that it contains half as much oxygen and the same 
quantity of carbon, as an equal volume of carbonic acid. In the 
latter substance, wo have six carbon combined with sixteen oxygen; 
in the former, six carbon are combined with eight. Hence, we 
conclude 6 to be the equivalent of carbon ; and as the inflammable 
gas has no acid nor alkaline properties, we denominate it carbonic 
oxide. In the process just described for making it, as the heat 
expels carbonic acid from the carbonate, the charcoal or the iron 
deprives it of half its oxygen (ilfi). 


(110) Carbon, as we have .already st.atcd (§ 423), Las lievor in its 
elementary state been raised in vapour ; but, nevertheless, in such of its 
compounds as assume the gaseous state, its constituent particles must 
have a gaseous arrangement. I^pon the hypotliesis that like all sijnple sub- 
stances, except oxygen, it enters into combination in whole volumes of 
its vapour, we can calculate its specific gravity, and represent its combi- 
nations by the usual symbols ; thus, — 


Carbon. 

Oxygen. 

« 

• 

Carbonic 

Oxide. 

G 



14 


and 


Carbon. 

Oxygen, 

0 

■ 

Carbonic 

Acid. 

G 

Oxygen. 

0 

■ 

22 


As when carbon is burnt in oxygen gas, the latter undergoes no change 
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The formula of carhonic oxide is . . C + O 
„ of carbonic acid . . .0 + 20 

§ 494. There is another compound of carbon and oxygon, 
which stands intermediate in constitution between carbonic oxide 
and carbonic acid, but possesses very distinct and marked pro- 
perties. It may be produced by acting upon almost every vegetable 
substance by nitric acid. By introducing into a retort one part of 
sugar and four parts of nitric acid, diluted with half its bulk of 
water, much deutoxide of nitrogen is given off ; and upon evapor- 
ating about one-third of the liquid, the remainder, upon cooling, 
will shoot into white crystals. These may be purified by re-solution 
and crystallization, and will then bo found to have the form of a 
right rhombic prism and to be intensely acid. They are soluble in 
nine parts of water at 60°; when carefully exposed to a temperature 
not exceeding 100° Fahrenheit, they lose about one-third of their 
weight of water, and fall into a white powder. Water thus com- 
bined with crystals in equivalent pro))ortions, is called their water of 
crystallization, and they can part with it without interfering with 
their chemical characters. AVhen heated to about 330° the acid 
sublimes, and upon cooling forms acicular crystals. Mixed with 
sulphuric acid and gently heated, it is rapidly resolved into equal 
volumes of carbonic oxide and carbonic acid. According to its care- 
ful analysis it is composed of one equivalent of each of these gases 
united in the crystals with three etpiivalents of water, and in the 
sublimed acid with one equivalent ; without which, like the nitric 
acid, it cannot exist unless in combination with a base. The sul- 
phuric acid from its strong attraction for water abstracts it entirely, 


of volume, and as 100 cubic inches of carbonic acid weigh 47*3 grains, 
if we deduct from this the weight of 100 cubic inches of oxygen, 34.6 
grains, the remainder, 12.7 grains, w ill be the weight of 100 cubic inches 
of the vapour of carbon upon the view which w^e have just stated. 
Hence, the weight of 100 cubic inches of carbonic oxide would be : — 

100 cubic inclics vapour of carbon 12.7 
50 cubic inches oxygen . . 1 7-3 

300 

Which agrees with the result of direct experiment. 

If we w^ere to adopt the hypothesis that, like oxygen, carbon enters 
into combination in the proportion of half a volume of its vapour, it 
w^ould be easy to modify the symbols and numbers accordingly. 
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and resolves the compound into its constituent gases. It enters 
into combination with ammonia and other bases in the equivalent 
proportion of 3b, which agree s with th e equivalent thus derived 
from its analysis : as C + C) -f C q- 2 O = 36 (1 17). 

It is called the oxalic acid as being a product of vegetation, and 
found in the oxalis acetosella^ or wood sorrel, in combination with 
potassa. 

§ 495. Oxalic acid may be artificially formed by a totally 
different process to that which has been just described; and perhaps 
nothing can better show the fixedness of chemical combinations than 
the contrast of the two. AVhen sugar or saw-dust is heated to a 
teTn])crature of about 400, in contact with four or five times its 
weight of potassa, they fuse together, swell up, and give out hydrogen. 
When the remaining mass is dissolved in water and gently evaporated, 
er}^stals of oxalate of potassa. may be obtained from it. Under the 
influence of the alkali, at a high temperature, the carbon derives 
the oxygen which is necessary for its conversion into oxalic acid, 
from the decomposition of water and the evolution of hydrogen: 
under the influence of the nitric acid, it derives the same amount 
from the decomposition of the acid, and the evolution of dcutoxido 
of nitrogen. 

The oxalic acid very readily takes the oxygon which is necessary 
for its conversion into carbonic acid from other compounds, and 
thus, when its solution is poured into a solution of nitrate of 
mercury and some other metallic salts, the oxide is decomposed, 
and the metal is ])recipitated. One equivalent of oxalic acid is 
thus converted into two equivalents of carbonic acid, by the 
absorj^ion of one equivalent of oxygen, C-4-0-fC-{-20 + 0=: 
2 (C + 2 O). 


(117) The constitution of the oxalic acid, in volumes, may be thus 
represented : — 


Carbon. 

(J 

- 

Oxygen. 

« 






+ 

Hydrogen. 

Oxygen. 

8 

Crystiilli/ed oxalic acid. 


Oxygon. 

1 


^ 30’ + 9 

Carbon. 

U 





6 

Oxygen. 






8 
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Compounds of Carbon and Hydrogen, 

§ 496. A history of all the combinations of carbon would 
comprise the whole range of organic chfcjviistry ; and an account of 
all its compounds with hydrogen would be little less extensive. 
Upon this difficult and most interesting department of the science, 
it does not form any part of our present design to enter ; but still 
it is impossible altogether to pass over the peculiar illustrations 
which this important element affords of the nature and action of 
the force of affinity. It will ajiswer our purpose best, to take one 
of the best defined of the products of vegetation, sugar^ and exhibit 
its equivalent constitution, and show what new arrangements may 
take place of its elements from changes in the balance of their 
affinities under the influence of various disturbing agents. 

AVhen exposed to a high temperature or to destructive distillation, 
vegetable substances are characterized by yielding large quantities 
of acetic acid in addition to the inflammable gases, water and 
carbonic acid, which arc also given ofl'; but their exact constitution 
cannot be inferred merely from the new compounds which are thus 
produced by the influence of heat. 

§ 497. The principles upon which the analysis of organic 
substances is conducted are extremely simple. The process consists 
in furnishing them with as much oxygen, as is sufficient to convert 
the whole of their carbon into carbonic acid, and their hydrogen 
into water, by mixing them with oxide of copper and exposing them 
to a red heat ; and in carefully collecting the products of such 
combustion in proper apparatus. By calculations founded upon the 
quantities carefully measured, it is easy to ascertain the quantities 
of the elements in the original compound (118). Pure crystal- 
lized sugar has thus been ascertained to be composed of: — 


Carbon . 

Experiment. 

. 42.1 == 3 Equivalents. 

18 = 

Theory, 

40 

Hydrogen 

. 6.4 = 3 

3 = 

6.66 

Oxygen . 

. 51.5 =3 „ 

24 =: 

53.34 


100.0 = 

45 = 

100.00 


(3C + 3II + 3 0) = Sugar.' 


(118) A convenient apparatus for the analysis of organic substances 
is represented in the next figure; a b represents the front of a double row 
of small spirit lamps, over which the tube, c d, is supported. Two or three 
grains of the substance to be examined, properly dried, are intimatelymixed 
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§ 498. If we take a mixture of one part of sugar with four 
or five of water, and place it in a close vessel connected by a tube, 
with a pneumatic apparatus at a temperature of about 70'", the 
process of what is called fermentation may be determined in it by 
the addition of a small quantity of yeasty a foreign substance which 
itself undergoes no change in the process. A large quantity of 
carbonic acid will be evolved ; the liquid will become less and less 
sweet till the sugar entirely disappears ; and alcohol or spirit will 
be found in its place. Alcohol therefore is sugar, minus carbonic 
acid. According to the composition^ of sugar as we have just stated 
it, if one equivalent of its carbon pass off with two equivalents of its 
oxygen, two equivalents of carbon, three equivalents of hydrogen, 
and one equivalent of oxygen, would remain as the constituents 
of alcohol, which exactly agrees with the analysis of perfectly pure 
spirit. Thus: — 

Sugar. Carbonic acid. Alcohol. 

(3 C + 3 II + 3 0) = (C + 2 O) + (2 C + 3 H + O). 


with about 200 grains of black oxide of copper, placed in the tube, and 
gradually brought to a red licat. The tube, c d, is connected at E, by 
means of a collar of caoutchouc, with another tube filled with dry 
muriate of lime, which having been previously weighed, stops all the 
vapour of water which passes over it ; and will indicate by its increase 


F 



of weight, the quantity of hydrogen which has been combined with the 
oxygen of the oxide. The carbonic acid formed by the combustion of the 
carbon, and any nitrogen which the substance may contain, will pass 
together into the tube f, placed in the vessel of mercury, g n i k, and 
they may again be separated by absorption of the former, with solution 
of potassa, and the quantity of both may thus be estimated. 
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§ 499. Alcohol is a well-known inflammable liquid, which 
burns with a pale blue light, very like that of hydrogen. The pro- 
ducts of its combustion are nothing but carbonic acid and water. 
It mixes with w^ater in any proportion ; but when perfectly anhy- 
drous, its specific gravity is only .791. It boils at a temperature of 
173°. The spirits of wine of commerce is alcohol, diluted by a 
variable proportion of water, from which it may be separated by 
distillation off quick lime. 

§ 500. If the weak mixture of alcohol and water, formed in 
the first jirocess of fermentation, be exposed to the air at a teni])e- 
rature of 05°, a further spontaneous change takes ))lace ; oxygen is 
absorbed and the alcohol gradually passes into acetic acid or vinegar. 
The oxygen acts by removing half the hydrogen, and by this process 
two equivalents of alcohol become converted into one equivalent of 
acid by the formation of three equivalents of water. Thus : — 

Alcohol. Acetic Acid. Water. 

2 (2 C + 3 H + 0) + 4 0 = (4 C + 3 II + 3 0) + 3 (II + 0). 

And this agrees with its direct analysis, and is moreover confirmed 
by its ecjuivalent number 51, which corresponds with the proportion 
in which it combines with ammonia and other bases. The vapour 
of acetic acid when heated will burn with a pale blue flame, and 
yield nothing but carbonic acid and water. The sj)ecific gravity of 
the strongest acid is l.()f)3: when it contains one equivalent of 
water, with which it crystallizes at a tem])0rature of about 45^. It 
is intensely sour ; has a strong irritating odour, which is agreeable 
when sufficiently diluted, and is caustic. It readily combines with 
bases, and forms a distinct class of salts. 

§ 501. If a measure of alcohol be mixed with two measures 
of sulphuric acid, placed in a retort, and a gentle heat applied, the 
mixture will very soon blacken, become thick, swell up, and give off 
gaseous matter, which may be collected over water. When this gas 
has been well washed with lime water, it has a specific gravity of 
about 9.80, and 1 00 cubic inches weigh nearly SO grains. When 
quite pure it has but little odour, and is colourless. It burns in the 
atmosphere with a bright yellowish flame. It will not support life, 
and instantly extinguishes flame. When one volume of this gas is 
mixed with five of oxygen, the mixture will detonate by the electric 
spark. U'hree volumes only of the oxygen wdll be consumed, and 
two volumes of carbonic acid will be produced with water. Two 
volumes of carbonic acid indicate two equivalents of carbon, which 
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must previously have been combined with two volumes of hydro- 
gen, which now form water with the remaining volume of oxygen, 
and the whole must have been condensed into one volume. This 
deduction is confirmed by the specific gravity of the gas (119). 
It has been named hi^hydro-carbon^ and is sometimes called olefiant 
yas^ from a pro])crty to which we shall hereafter refer. 

The action of the sulphuric acid upon the alcohol might be 
explained upon the hypothesis that, owing to its strong attraction for 
water, it removes the oxygen and hydrogen from that compound in 
which they exist in exact equivalent proportions. Thus : — 

AIcoliol. Bi-IIyd. Carb. Water. 

(2C + 3 H + 0) = (2 C + 2 II) + (II + O). 

Olefiant gas may be decomposed by mere heat, and by passing it 
through tubes heated to a white heat, it will deposit the whole of its 
carbon, and become expanded into two volumes of pure hydrogen. 


(119) The constitution of bi-liydro-carbon by volume, and the 
result of its decomposition by oxygen may be thus represented : — 


Hydrogen. 

inn cubic inches, 
/j.l {'rams. 

Curl ion. 

l»Ki cubic indn s. 

I J.7 grains. 

llydrogt?n. 

ino cubic inches. 
t2.i grains. 

Carbon. 

KM) cubic incbch. 
1J.7 grains. 


Bi-h} dro ] 
<.'arbon. 
loo cubic iiu-lu's. 
grams. 


+ 


Oxygon. 


Oxygen. 


Oxygen. 


Oxygen. 


Oxygen. 


Oxygi'n. 


Carbon. 

Oxyuni. 

Oxygon. 


(-'nrbon. 

Oxygon 

Oxygon. 


Tlydrogon. 

Oxygt'ii. 


Hydrogen. 

Oxygt‘i). 
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§ 502. At a lower temperature, or a red heat, it parts with 
only half its carbon, without expansion of volume, and is converted 
into another compound of the same elements, named sub-carburetted 
hydrogen. 

This gas is abundantly formed in stagnant pools of water by the 
spontaneous decomposition of vegetable matters, and may be pro- 
cured by stirring up the mud, and collecting it in inverted bottles. It 
is also given out by certain seams of coal in coal-mines, and constitutes 
what the miners call the fire-damp. Coal when subjected to distil- 
lation in iron retorts gives off this gas mixed with the former in 
abundance, and the mixture constitutes the common coal gas which 
is now so largely employed for the purposes of illumination. 

§ 503. Sub-carburetted hydrogen is a colourless, tasteless, 
permanent gas, soluble in very minute proportions in water, and 
inflammable. It burns with a yellow flame, but does not give out 
so much light as the bi-hydro-carbon ; 100 cubic inches only weigh 
16.94 grains. When mixed with atmospheric air, or oxygen, in 
certain proportions, it explodes with great violence upon contact 
with flame, or an electric spark. To decompose it completely, it is 
necessary to mix it with rather more than twice its bulk of oxygen, 
but exactly two volumes are taken up by one. Water and carbonic 
acid are produced, the latter being exactly ecpial to the original bulk 
of the inflammable gas. From these data, it is easily inferred to be 
a compound of two equivalents of hydrogen and one of carbon con- 
densed into one volume (120). 

§ 504. If, instead of mixing alcohol with twice its bulk of 
sulphuric acid, the two liquids be mixed in equal proportions by 
measure, and a gentle heat a]>j)licd, a diflerent series of changes 
takes j^lace. The mixture will remain clear, and a very inflam- 
mable liquid will rise, which may be condensed in a refrigerated 
receiver, adjusted to the retort, into a light, colourless, very lim])id 
liquid to which the name of ether has been given. When it has all 
distilled over, a fresh quantity may bo obtained by the addition of 
more alcohol to the same acid. The acid, indeed, does not necessa- 
rily undergo any change during the process, except that of becoming 
gradually diluted with water, and in a properly arranged apparatus 


(120) The following diagram represents the constitution of sub- 
carburetted hydrogen, and the products of its detonation with oxygen 
gas:-— 
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alcohol may be allowed to trickle into the retort, so as not to check 
the ebullition, but just to compensate the quantity which is removed 
by the change. If proper caution be used, and the adjustment of 
heat be properly attended to, any portion of alcohol may be etherized 
by the same portion of acid. The product of these operations must 
be rectified by mixing it with about a sixteenth of its weight of car- 
bonate of potassa to absorb the water, and careful distillation from 
a water-bath. 

§ 505. Ether has a peculiar penetrating and agreeable odour, 
and a pungent, sweetish taste. It produces intoxication, even when 
its vapour is respired with the air. Its specific gravity when pure 
is 0.713. It is very volatile, and boils at a temperature of 96.5. 
At a temperature of 64°, the elasticity of its vapour is equal to 15 
inches of mercury, and it is very heavy. Its specific gravity, with 
regard to air as 1, has been determined to be 2.58. When ignited 
it burns away with a bright flame, which deposits some carbon, and 
leaves no residue. The results of its analysis, by passing its vapour 
through red-hot oxide of copper, were as follow : — 

Carbon . . 64.87 = 4 Equivalents. 24 

Hydrogen . . 13.51 =5 „ 5 

Oxygen . . 21.62 = 1 Equivalent. 8 

100.00 37 


Hydrogen. 





Oxygen. 

100 cubic iiiche*. 
2.1 gram*. 

Carbon. 

100 cubic inches. 
13.7 grains. 


Sub-Carburet 
of Hydrogen. 


Oxygen . 

Hydrogen. 


100 cubic inchrs. 
16.9 grains. 

Oxygen. 

100 cubic inchc*. 
3.1 grain* 





Oxygon. 


Hydrogen. 

Oxygen. 


Hydrogen. 

Oxygen. 
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Carbon. 
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§ 606. The action of the sulphuric acid in this process may, 
therefore, be explained by supposing that, instead of taking the 
whole of the oxygen and hydrogen away, and thus evolving hi -hydro- 
carbon, it only removes half, and that thus two equivalents of alco- 
hol are resolved into one equivalent of ether and one of water. 
Thus 

Alcohol. Ether. Water. 

2(2C-|-3H + 0) = (4C-h5H + 0) -plTTa 

The ether itself, as its symbol indicates, being ca])able of being 
represented as another s])ecies of hj'^dro-carbon united to water : or, — 

Etherine. Water. 

(4 C -j- 4 if + PI -f- O) = Ether. 

To this compound of four equivalents of carbon and four of hydrogen, 
the name of etherme^ or qiiaclri-hydro-carhon^ has been given. 

§ 507. Now, all the common but highly interesting pheno- 
mena oi flame are dependant upon the gradual combustion of the 
various elastic compounds of carbon and b}'drogcn, which we have 
just described ; and we must turn aside for a short time to examine 
the constitution of this purest form of the classical element, the 
properties of which could not have been satisfactorily illustrated 
without some previous acquaintance with these forms of matter. 
Flame is, in all ordinary cases, the combustion of explosive mixtures 
of inflammable gases or vapours witli common air, in different j)ro- 
portions ; and, when continuous, is maintained by an uninterrupted 
flow of these elastic fluids into the atmosphere, with >vhich they 
slowly mingle. The mixture takes place chiefly at the surfaces of 
the gases in contact, and consequently the inflammation is only 
superficial; a sheet of flame surrounding, as it were, a reservoir of 
gaseous combustible matter. There are many ways of proving this ; 
as by bringing a thin sheet of platinum foil down upon the flame of 
a large spirit-lamp, and thus truncating it, when a red-hot ring will 
appear upon the metal coincident with the edge of the flame, and 
testifying by its dark centre to the coldness of the interior (121), 


(121) In fig. 1 we are presented with a horizontal section of the 
flame of a candle, exhibiting the ring of light surrounding the interior 
dark part of the cone. 

Fig. 2 exhibits a perpendicular section of the flame. 

By inserting a small glass tube, a fig. 3, into the central dark part, 
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' If we ignite a piece of phosphorus in a metallic spoon, and 
plunge it into the body of a large flame, it will be instantly extin- 
guished, owing to the want of oxygen to maintain its combustion ; 
and it will thus afford a very striking proof of tlie point in question. 
The ordinary tapering form of flame is owing to the ascensional force 
of the heated gases rising in the cold surrounding medium. 

§ 508. The (juantity of light which flame emits is dependant 
upon the incandescence of minute particles of solid matter, which are 
thrown ofl' during the combustion, and those flames whose imme- 
diate products are only gaseous matter give very little light. We 
have already noticed (§ 284) that an ignited jet of mixed oxygen 
and hydrogen, notwithstanding its great heating powers, is scarcely 
visible in day-light; but that solid bodies, such as platinum, and 
particularly lime, held in it, radiate light of great intensity. If 
some solid body, as oxide of zinc, or ])Owdered charcoal, be ])rojccted 
through a flame of hydrogen it immediately becomes luminous. 

The diflerent forms of kydro-carhon^ as the compounds of hydro- 
gen and carbon are generically called, give out light in consequence 
of the ])articles of solid carbon whicli they disengage during their 
combustion, and they arc luminous in ])ro])ortiou to the carbon 
which they contain. When the combustion is peifect, the solid 
matter itself is wholly burnt, and when there is an excess of oxygen 
but little light is given off ; but if the quantity of oxygen be defi- 
cient, it is deposited in the form of soot. The perfection of a lamp, 
or candle, or other means of artificial illumination, consists in such 
a I’egular su])ply of air to the hydro-carbon employed, as is compati- 
ble with the gradual precipitation of the charcoal, and its complete 
oxidation. 

«, the iiiflamniable gaseous matter of which it consists ^Yill ascend in it, 
and may be lighted so as to form a second flame at ii distance from the 
first. 


(•) 


Fig. 



Fig. 2. Fig. 3. 

Y 2 
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FLAMKLESS LAMP. 


§ 509. For the purpose of increasing the heat of flames, * 
and concentrating it upon any desired point, common air, and some- 
times oxygen, is projected into their interior by means of what are 
called blow-pipes^ or tubes of glass or metal prepared for the purpose. 
Combustion is thus carried on in the interior as well as the exterior 
of a flame, and its completeness is shown by the conversion of the 
smoky, red light of a lamp into a beautiful cone of pale blue light. 

§ 510. The heat of flames, even of those which give least 
light, as of hydrogen and spirits of wine, is very great, and is essen- 
tial to their existence. The combustion of many inflammable sub- 
stances may be carried on at a temperature below that which is 
necessary to their inflammation. Thus, if a jet of the gaseous 
hydro-carbons be allowed to escape into the air, and a red-hot coil 
of platinum wire be introduced into it, the wire will be maintained 
at a red heat, and the gas will be consumed invisibly ; but if the 
temperature of the wire be allowed to rise to a white heat, it imme- 
diately bursts into flame (122). 

This being the case, it follows that flame may be put out by 


(122) Two arrangements for effecting this slow combustion are 
here represented. 

In lig. 1 a small coil of fine platinum wire is placed upon the wick of 
a lamp, trimmed either with spirit of wine or ether. The lamp is lighted, 
and when the wire has become red-hot the flame is suddenly extinguished. 



Fig. 1. 



Fig. 2. 


The wire will continue to glow as long as any of the combustible liquid 
remains to maintain the temperature by its slow combustion. 

In fig. 2 we are presented with a coil of fine platinum wire, which has 
been previously heated by holding it in the flame of a spirit-lamp, and 
then plunged into a jar containing a little ether. It will continue to glow 
in the mixture of vapour and air till the ether is all consumed. If the 
temperature should rise to a white heat, the whole will burst into flame. 
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cooling the combining gases ; and accordingly if we bring a cylinder 
of brass down upon a jet of burning vapour or gas, we shall diminish 
its volume, and possibly extinguish it by its good conducting power. 
If a stout metallic wire be held in a flame, a dark ring may be 
observed all round it, and it will never appear to touch it. A 
second wire held by the side of the first would increase the dark 
space, and the dark rings would coalesce. By multiplying the num- 
ber of wires, or holding a piece of wire gauze in their place, the flame 
would appear to bo entirely cut off on the top. The cooled gases, 
however, would still flow on in their course, and might be rekindled 
upon the upper side. Science is indebted to Sir Humphry Davy 
for the development of these princi])lcs, and the arts and humanity 
owe to the same illustrious philosopher their successful application 
to the invention of the miner’s safety-lamp (123). 


(123) 111 fig. 1 wc arc presented with the appearance of a flame, 

upon which a piece of wire gauze has been brought down. Jl'he flame is 
cut ofl* where it touches the gauze, and the exterior luminous circle is 
very visible. We seem to look down into the reservoir of inflammable 
gases which is inclosed by the sheet of ignited matter. The gases and 
smoko pass through, hut are cooled and extinguished. 

By presenting a flame to them on the upper side, they may be 
rekindled, as exhibited in fig. 2. 



Fig. 1. Fig. 2. 


The “ Davy,” or miner’s safety-lamp, is here re- 
presented. A is a cylinder of wire-gauze with a double 
top, securely fastened to the brass rim, b, which screws 
on to the lamp, c. The whole is protected and ren- 
dered portable by the frame and ring, D. Gaseous 
matter freely penetrates through the meshes of the 
wire-gauze, and the combustion of the interior flame is 
maintained. Should an explosive mixture enter the 
lamp, it is kindled at the flame and burns, but the 
inflammation cannot pass the barrier of the cage, owing 
to its cooling the mixture below the temperature neces- 
sary to the process. Should the wires themselves, 
however, become white-hot, detonation of the exterior 
explosive atmosphere would take place. 
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ISOMERISM* 


§ 511. There is a curious fact with regard to chemical com- 
bination which derives its most striking illustration from some of 
the forms of hydro-carbon, namely, — that compounds may be 
formed of the same elements, in the same proportions to each other, 
which yet may differ essentially both in their physical and chemical 
properties. Such a constitution is indicated by the term isomerism^ 
and such compounds are said to be isomeric. It will be expedient 
to examine two or three more, of the numerous class of hydro- car- 
bons to enable us to comprehend this fact with clearness. 

§ 51 2. Fixed oils arc natural compounds of carbon, hydrogen, 
and oxygen, in which the hydrogen greatly exceeds the proportion 
necessary for the conversion of their oxygen into water ; by exposing 
them to a high temperature, as in the process of destructive distilla- 
tion, fresh arrangements of their elements arise, and difiereiit forms 
of hydro-carbon are produced. When the gaseous pi*oducts of this 
operation are subjected to a pressure of about thirty atmospheres, as 
was formerly done upon a very large scale by the Portable Gas 
Company^ a part liquifies, but does not recover its aeriform state 
upon removal of the pressure. The liquid is limpid, of a brownish 
colour by transmitted, and green by reflected light. It has a nau- 
seous smell, and its specific gravity ij^0.82l. Dr. Faraday examined 
this ]>roduct, and found it to be a mixture of several (lefinite com- 
pounds of carlion and hydrogen, dilfering in their volatility. By 
careful distillation and rectification he succeeded in sejiarating and 
examining them. 

The first was a colourless transparent licjuid, having a specific 
gravity of 0.85 ; which, when cooled to a little below 32°, solidified 
and contracted considerably on cooling. It evaporated quickly in 
the air, and boiled at a temperature of 1 1{>"‘. Its vajunir was very 
heavy, and its specific gravity as compared to air, 2.77. It burnt 
with a bright flame, and much smoke. By passing its vapour over 
heated oxide of copper, it was entirely resolved into carbonic acid 
and water, and the ratio of its carbon to its hydrogen was found to 
be 12 to 1, or 2 equivalents of carbon to 1 of hydrogen. But on 
examining the volume of oxygen required to combine with a definite 
volume of its vapour, it was found to be 74 to 1 , the product of which 
was fi of carbonic acid ; so that it would appear that the conden- 
sation of the hydrogen was 3 volumes into 1, and the constitution 
of the compound, 6 equivalents of carbon and 3 equivalents of 
hydrogen (124). 

(124) The following diagram represents the constitution of this 
vapour, and the result of its decomposition by oxide of copper ; — 
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§ 513. From this we are led to remark, that a definite 
specific condensation, or approxi. nation of the particles of* a com* 
pound, are no less essential to its constitution than a certain pro* 
portion of its heterogeneous principles. The ratio of 12 : 1, is the 
same as 36 : 3 ; but the specific union of 6 equivalents of carbon 
and 3 equivalents of hydrogen in a definite space is required to 
constitute the hi-carhuret of hydrogen. 

§ 514. Another portion of the condensed oil-gas was found 
to be capable of ebullition at common atmospheric temperatures, 
and when distilled by the heat of the liand, was collected as a gas 
over mercury. It burned with a brilliant flame, and had a specific 
gravity, compared with common air, as 1.963 to 1. When cooled 
to Fahrenheit, it condensed into a liquid which had a specific 
gravity of 0.627, being the lightest known substance amongst 
solids and liquids. 
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ETUERINE. 


By detonation with oxygen it was found that 1 volume of the 
vapour required 6 volumes of oxygen for perfect combustion, yielding 
4 volumes of carbonic acid. The remaining 2 volumes of oxygen 
must of course have combined with 4 of hydrogen to form water. 
Hence it appears that 4 volumes of hydrogen were condensed into 
one with 4 equivalents of carbon, and that the ratio of the hydrogen 
to the carbon was 2 to 12, or the same as that of the bi-hydro- 
carbon (125). The essential difference, therefore, between quadri- 
hydro-carbon^ or etherine as it is sometimes called, from its con- 


(125) The constitution of quadri-hydro-carbon, or etherine, by 
volume, may be thus represented, as well as the result of its combination 
with oxygen : — 



This diagram should be compared with 119. 
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stituting the basis of ether (§ 506), and hi-hydro-carhon, consists in 
the state of their condensation. 

§ 515. It is probable that there may be another compound 
of hydrogen and carbon, which is isomeric with' thilse two, and in 
which the combining ratio would be the same, but in which the 
elements would be united in single equivalents, or in the proportion 
of 1 to 6. 

§ 516. To illustrate this important law of isomerism still 
further, as well as to give another instance of the facility with which 
changes can be effected in organic substances which alter their very 
essence and identity, we will take another vegetable principle which 
is as definite in its constitution as sugar, and observe the different 
arrangement of its elementary particles which may be determined 
by altering the balance of their several affinities. This substance is 
liynin^ or woody fibre. The bleached fibres of flax or hemp present 
it to us in its purest form; but from whatever source it may be 
derived, it is remarkably constant in its composition, and the 
analyses of the best chemists leave no doubt that it is composed of : 

Carbon 50.00 = 3 Equivalents. 18 
Hydrogen 5.50 =r 2 ., 2 

Oxygen 44.44 = 2 „ 10 

100.00 30 

(3 C + 2 II + 2 O) = Lignin. 

§ 517. It agrees, therefore, with sugar, inasmuch as the 
oxygen and hydrogen whicli it contains are in exact proportion to 
form M'ater, and it differs from it only in containing one equivalent 
less of each of those elements. So great a similarity of constitution 
-diminishes our surprise in finding that lignin may very easily be 
converted into sugar. 

If 24 parts of hempen cloth be triturated with 34 parts of sul- 
phuric acid, it will acquire a mucilaginous consistence ; and after 
24 hours, will be found to be entirely soluble in water. Upon 
diluting this acid mixture with water, and boiling it for 10 hours, 
carefully renewing the water as it evaporates, it will become sweet, 
and upon neutralizing the acid with chalk and due evaporation, the 
liquid will aftbrd crystals of sugar. In this process the acid under- 
goes no change whatever, but seems to exert an influence upon the 
heterogeneous attractions of the carbon, hydrogen, and carbon short 
of chemical affinity. 
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PYROXILIC SPIRIT. 


§ 518. When lignin, again, or rough wood, is exposed alone 
to a temperature of ignition, a largo quantity of charcoal, as we 
have seen, (§ 420,) is left behind ; and amongst the volatile pro- 
ducts of its distillation there are two which are very definite and 
remarkable. 'She first is acetic acid, the properties and constitution 
of which, as derived from sugar and the acetic fermentation, have 
already been described, (§ 500,) and the second is a higlily-inflam- 
mable volatile liquid, something resembling alcohol. When rectified 
by distillation from quicklime it is very limpid, and possesses a 
peculiar spirituous and aromatic odour. Its taste is hot and pun- 
gent. Its specific gravity about 0.800. It boils at loO*^, and is 
very inflammable. It has been called p?/ro,rilic It may be 

substituted for alcohol in many processes of the arts. According 
to its analysis it is comj)Osed of: — 

CiirLon 37-4 =: 2 Equivalents. 12 
Hydrogen 12.(j = 4 „ 4 

Oxygen 50.0 = 2 „ 10 

100.0 32 


(2 C 4- 4 II + 2 0) r= Pyroxilic spirit ; 

which differs from alcohol by the addition of one equivalent of 
oxygen and one equivalent of hydrogen. 

§ 510. When one part of this spirit is distilled with four of 
sulphuric acid abundance of gas is evolved; which, when collected 
over mercury, is found to consist of a peculiar body mixed with car- 
bonic and sulphurous acids, which may be abstracted by potassa. 
It has a specific gravity of 1.61, is colourless, of an ethereal odour, 
and burns with a blue fiamo like tliat of alcohol. It is soluble in 
water, which takes up 37 times its volume at t)5°. Its analysis 
shows it to be a compound of : — 

Carbon 52.2 =: 2 Equivalents. 12 
Hydrogen 13.0 = 3 „ 3 

Oxygen 34.8 = 1 Equivalent. 8 

100.0 23 


(2 C -f 3 H -}- 0) r= Hydrate of methylene. 

It is, therefore, isomeric with alcohol, and the difierence in their 
respective properties must depend probably upon the different 
densities of their hydro-carbon. It has been called hydrate of 
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methylene. The term methylene being taken to indicate the peculiar 
form of hydro-carbon, which in this compound is supposed to bo 
united to water. 

Methylene, Water. 

(2 0 4* 2 H) + (H + O) = Hydrate of Methylene. 

§ 520. Another and distinct species of hydro-carbon is pre- 
sented to us in the liquid which is commonly known by the name 
of naphtha. It is a natural as well as an artificial product. It is 
obtained in considerable quantity from the shores of the Caspian 
Sea and from parts of Italy, and it is one of the products of the 
destructive distillation of pit-coal and the manufacture of coal-gas. 
Its specific gravity varies from 7o0 to 850. It has a strong, bitu- 
minous, penetrating odour, which is not unpleasant in the natural 
variety, but very disagreeable in the artificial. It does not congeal 
at 0°. It burns with a strong sooty flame. When pure it is not 
acted upon by jjotassium, and is therefore used to protect that metal 
from oxidation. The density of its vapour is about 2.8. According 
to its best analysis, it is a compound of six equivalents of carbon 
and five of hydrogen condensed into one volume of the vapour (126), 

(6 C -f 5 II) = Naphtha. 

§ 521. The last species of hydro-carbon, to which it will be 
necessary to refer at present, is also a product of the distillation ot 
coal ; it has been named naphthaUn. It passes, over with the other 
volatile products, and is first obtained in transparent flakes of a 
reddish-brown colour. These may be purified by slow sublimation 


(126) The constitution of naphtha may be thus represented:— 
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nXphthalin. 


from powdered charcoal, and are then colourless, and possess very 
little odour. When heated it has a very peculiar smell, something 
like that of the flower of the narcissus very much concentrated. It 
is heavier than water, and unctuous to the touch. It fuses at 200°, 
and at 400° boils, and may be distilled with little change. It crys- 
tallizes as it cools, and evaporates at common temperatures ; when 
inflamed it gives off a very dense black smoke. The specific gravity 
of its va])our is 4.49. Its composition, as derived from its analysis, 
is ten equivalents of carbon and four equivalents of hydrogen, all 
condensed into one volume (127). 

(IOC + 4 II) = Naphthalin. 


Compounds of Carbon and Nitrogen, 

§ 522. As we have had recourse to the vegetable department 
of Creation for the first materials for the formation of the compounds 
of carbon and hydrogen, so we must turn to the animal department 
for the preparatory steps for the combination of carbon and nitrogen. 
Animal bodies difler from vegetable, as a class, by containing large 
quantities of nitrogen in their constitution ; and they are charac- 
terized by yielding carbonate of ammonia when exposed alone to a 
high temperature, or to destructive distillation. The process of 
their analysis is conducted in the same way as that of vegetable 
bodies, and their nitrogen which escapes the action of the oxide of 
copi)cr is easily measured on separating it from the carbonic acid by 
means of potassa. 


(127) The follo^viiig is the constitution of the vapour of naphthalin 
by volume : — 
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§ 528. If, instead of exposing animal substances alone to a tem- 
perature of ignition, we bring them under the concurrent influence 
of potassa and metallic iron, a different adjustment takes place of 
the affinities of their constituent particles. Thus, by projecting a 
mixture of potassa and dry animal matters, such as horns or hoofs, 
in the proportion of two parts of the former to five of the latter, into 
a red-hot iron pot, and stirring them with an iron rod, they will 
assume a pasty form, and give off* a quantity of foetid vapours. 
When these cease, the mixture must be allowed to cool, and then 
thrown into water. The solution, upon being properly clarified, 
will, upon evaporation, yield crystals of a yellow saline body, called 
ferro-cyanate of potassa, 

§ 524. The peculiar substance which has thus been united 
to the potassa may next be transferred to oxide of iron by double 
elective affinity. For this purpose its solution is poured into a 
solution of green vitriol (oxide of iron combined with sulphuric 
acid) ; when, after a short time, a deep blue precipitate takes 
place, which is known as a pigment by the name of Prussian blue. 
When wasjiod in dilute acid and dried, it possesses a peculiarly 
rich and intense colour; is insipid, inodorous, and insoluble in 
water. Sulphate of potassa is at the same time formed, and remains 
in solution. 

§ 525. Another transfer is yet necessary before we can 
proceed to insulate the primary compound of which we are in 
search. By boiling two parts of Prussian blue with one of peroxide 
of mercury in seven or eight of water, the compound gradually loses 
its colour, and a solution is obtained which, after filtration, deposits 
on cooling, white crystals in the form of quadrangular prisms, of a 
metallic taste and very poisonous. They go by the name of cyanide 
of mercury, 

§ 526. Upon exposing these crystals to a moderate heat, 
they first give off water of crystallization, and fall into a gray 
powder. When this anhydrous cyanide of mercury is exposed to a 
red heat in a glass retort, it turns to a deep brown colour, metallic 
mercury distils over, and gaseous matter is given off which may be 
collected over mercury. 

When generated in a confined space, it liquifies at a pressure of 
between three and four atmosperes at the temperature of 45°. The 
liquid is colourless and limpid, and, when relieved from pressure, 
s])eedily evaporates with the production of intense cold. 
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The gas is colourless, and has a penetrating very peculiar smell. 
When a lighted taper is dipped into a jar containing it it is imme- 
diately extinguished, but the gas itself burns in the air with a beau- 
tiful purple flame edged with blue, which is very characteristic. 
100 cubic inches weigh 55.5 grains. It sustains the application of 
a high heat without undergoing decomposition. Water dissolves 
about 4^ times, and alcohol 23 times its bulk of this gas. 

It may bo detonated with oxygen ; and its analysis may be 
effected in this way, or by passing it over red-hot oxide of copper. 
One volume mixed with two of^ oxygen, and fired by the electric 
spark, afford exactly two volumes of carbonic acid and one volume 
of nitrogen. Whence it appears to be a compound of two equiva- 
lents of carbon and one of nitrogen. According to the principles 
of the scientific nomenclature, its name would be hi-carburet of 
nitrogen; but it is more frequently denominated cyanogen^ from its 
entering into the composition of the blue compound with iron, 
which we have already noticed (128). 

(2 C -f N) = Cyanogen. 

§ 527. The brown matter which is left in the retort after 
the decomposition of cyanide of mercury, is an isomeric compound 


(128) The constitution of cyanogen, and the results of its analysis 
by oxygen may be thus represented : — 
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of carbon and nitrogen in exactly the same proportions. It is also 
formed when a solution of cyanogen in alcohol is left to time, and is 
sometimes produced in charring animal substances. It has been 
called para-eyanogen. When heated in the air, part of the carbon 
burns away, and a residue is obtained which consists of one equiva- 
lent of carbon and one of nitrogen, which may be denominated the 
proto-carhuret of nitrogen. 

§ 528. A more intimate acquaintance with the primary com- 
pounds of carbon has lately discovered to the view of chemists a 
mode of secondary combination, which is very different from that of 
acids with bases. It seems to be almost peculiar to this Proteus 
of the elementary substances, and its development is of the utmost 
consequence to a clear understanding of organic compounds, of 
which carbon constitutes the basis. Its first illustration may be 
best taken from the combinations of cyanogen. 

§ 529. Cyanogen is neither acid nor alkaline in its nature, 
and it has little disposition to enter into combination with metallic 
oxides; but it has a remarkable tendency to combine with elemen- 
tary substances in a manner perfectly analogous to that of the simple 
gaseous substances which we have been examining. When potas- 
sium, for example, is heated in cyanogen gas, the metal combines with 
the gas with great energy, and becomes incandescent. The saline 
mass which results must obviously be a ternary compound of carbon, 
nitrogen, and potassium : or 2 C + N -f P ; but it may be more 
advantageously regarded as a binary compound of cyanogen and the 
metal, or (2C-fN) + P. Similar compounds may be formed 
with all the metals, and from their analogy to the class of oxides 
they are denominated cyanides. The cyanide of mercury, which we 
described as the source from which cyanogen is procured, is another 
instance of this binary combination, which was formed, not by 
direct combination wdth the metal, but by elective affinity from its 
oxide. 


§ 530. It also forms compounds with the non-metallic ele- 
ments, which are of high importance and interest inasmuch as they 
are of an acid quality, and are capable of entering into secondary 
combination with the bases. We will illustrate this by shortly 
examining its combinations with hydrogen and oxygen. 

Compounds of Cyanogen. 

§ 581 . The compound of cyanogen and hydrogen cannot be 



336 


HYDRO-CYANIC ACID. 


obtained by the direct action of the two substances, but may be 
formed by double elective affinity, by passing some of the compounds 
of hydrogen over cyanide of mercury. Such a compound may be 
obtained by acting upon a combination of sulphur and iron with 
dilute sulphuric acid, in which case, instead of pure hydrogen, a 
definite compound of hydrogen and sulphur is evolved, which we 
shall hereafter examine. 

By passing a current of this gas over the cyanide of mercury in 
a horizontal glass tube, double decomposition ensues ; the sulphur 
combines with the metal, and the cyanogen with the hydrogen; 
and the latter compound, being very volatile, is easily driven over 
by a gentle heat into a cooled receiver placed for its reception. 

It is a colourless liquid of a strong pungent odour, something 
resembling, when diluted, that of peach-blossoms. Its taste is said 
to be acrid ; but it is so extremely poisonous, that a drop falling 
upon the arm of a man has been known to occasion death. Great 
care should be taken not to inhale its vapour. It is extremely 
volatile, and generates so much cold during its evaporation that a 
drop placed upon a piece of glass will spontaneously freeze. It boils 
at a temperature of Its vapour takes fire upon the approach 

of flame, and when mixed with oxygen, may be detonated by the 
electric spark. It feebly reddens litmus paper. Its specific gravity 
at 45° is 0.705, and that of its vapour 0.947. 

§ 532. Two volumes of the vapour require two volumes and 
a half of oxygen for their perfect combustion ; and two volumes of 
carbonic acid, with one volume of nitrogen and water, are the products. 
These results indicate two equivalents of carbon, one of hydrogen, 
and one cif nitrogen, as the elements of the acid. When potassium 
is heated in this vapour, cyanide of potassium is formed, and 
hydrogen, equal to half the volume of the acid, is disengaged. It is 
therefore a compound of equal volumes of cyanogen and hydrogen. 
The results of the analysis may thus be stated : — 

Nh^gen 61.8}= ^ Equivalent of Cyanogen. 20 
Hydrogen 3.7 = 1 „ Hydrogen. 1 

100.0 27 


§ 533. It is sometimes called Prussic acid as being derived 
from the Prussian blue; but the scientific nomenclature distin- 
guishes the class of acids, into the composition of which hydrogen 
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enters, by the prefix -and hence it is also called the hydros 

cyanic acid (129). 

§ 534!. Hydro-cyanic acid forms a salt by combining with 
ammonia, in their respective equivalents 27 and 1 7 : it crystallizes 
in cubes or small prisms, and is very volatile. 

The hydro-cyanic acid also enters into combination with the 
oxygen bases ; but the binary compound of cyanogen and the metal 
is the general result, as the hydrogen of the acid and the oxygen of 
the base are in exact proportion to form water together. Thus, 
cyanide of potassium is formed by neutralizing potassa with hydro- 
cyanic acid, and when red oxide of mercury is shaken up with the 
same acid it loses its colour, and bi-cyanide of mercury is found in 
solution. 

§ 535. Cyanogen also generates an acid by combination with 
oxygen ; but the process by which it may be formed and insulated 
from its combinations is circuitous. By exposing a mixture of per- 
oxide of manganese and the yellow salt which we described as 


(129) This diagram represents the constitution of hydro-cyanic acid, 
and the results of its detonation with oxygen. 
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formed by the action of potassa upon animal substances to a dull 
red heat, in an iron pot, .and boiling the resulting compound in 
alcohol, another salt may be obtained in tabular crystals consisting 
of the acid in question, or cyanic acid^ in combination with potassa, 
and which may therefore be distinguished by the name of cyanate 
of potassa. 

The acid may be transferred from the potassa to the oxides of 
lead, mercury, or silver, by double decomposition with the salts of 
those metals with which it forms insoluble compounds, and from 
these it may be disengaged by sulphuretted hydrogen, the sulphur 
of which combines with the metal, and the hydrogen with its 
oxygen. It is thus obtained as a sour liquid, smelling something 
like vinegar, and very prone to spontaneous decomposition. 

§ 536. According to its analysis, the cyanic acid is a com- 
pound of one equivalent of cyanogen and one equivalent of oxygen. 
It is readily converted into carbonate of ammonia, by merely boiling 
its solution, or that of any of its salts ; a change which an attentive 
consideration of its symbol, in connexion with that of water, will 
readily explain ; for one equivalent of cyanic acid, with three equi- 
valents of water, are exactly equal to one equivalent of bi-carbonato 
of ammonia : thus, — 

Cyanic Acid. Water. Carbonic Acid. Ammonia. 

(211+ N + O) + 3 (H + O) = 2 (C + 2 O) + (N + 3 H). 

§ 537. An isomeric compound of cyanogen and oxygen may 
be formed, whose properties arc very different from those of the 
cyanic acid. By boiling together a solution of nitrate of mercury or 
nitrate of silver in alcohol, an effervescence takes place ; and a gray 
powder gradually subsides from the solution, Mdiich is the compound 
in question in combination with the oxide of the metal employed. 
It is a very dangerous fulminating powder, which detonates violently 
by heat or percussion, and sometimes by the slightest friction. The 
acid in union with the oxide has hence been distinguished as the 
fulminic acid. The gases evolved by the explosion of the fulminates 
of silver or mercury are carbonic acid and nitrogen, and their exact 
analysis proves the fulminic acid to have exactly the same equivalent 
composition as the cyanic acid. 

§ 538. The elementary character and analogies of cyanogen 
are fully maintained, as we shall have occasion hereafter to point 
out, in all its combinations with those non-metallic elements which 
have not yet passed under our review. 
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Compounds of Hydro-Carbon, 

§ 539. The different species of hydro-carbon present us with 
innumerable instances of analogous secondary combination. They 
appear to be all capable of acting the part of simple substances with 
the non-metallic elements, and in their combinations with com- 
pound bodies do not perform the function of bases, or constitute 
saline compounds. They replace elementary substances in compo- 
sition, and elementary substances may, on the other hand, be sub- 
stituted for them. 

§ 540. Their action upon sulphuric acid is peculiar ; and 
they enter into composition with it so as to form, not salts, but new 
acids. 

When naphthalin is fused with half its weight of sulphuric acid, 
a red crystalline mass is obtained which is soluble in water. When 
carbonate of baryta is added to the solution, it is decomposed, and 
the base is divided between two salts which are formed, the one 
with sulphuric acid, which is wholly insoluble, and the other with 
the new acid, which remains in solution. From this the baryta 
may be precipitated by the careful addition of sulphuric acid. The 
aqueous solution of siilpho-naphthalic acid^ as it has been named, is 
of an acid taste, mixed with bitter. It reddens the blue colour of 
vegetables, and forms salts with the different bases, all of which are 
soluble ill water. When concentrated by evaporation with heat in 
the open air, it becomes brown, thick, and ultimately solid, but 
rapidly attracts moisture from the air. When concentrated in vacuo 
under the receiver of the air-pump, it may be obtained in the form 
of a white solid, which, when perfectly dry, is hard and brittle, but 
rapidly deliquesces hi' the air. At 212° it melts and crystallizes 
upon cooling. 

§ 541 . Its analysis shews it to be a compound of 2 equivalents 
of sulphuric acid and 2 equivalents of naphthalin. 

Naplithttlin. Sulphuric Acid. 

2 (10C+4II) + 2 (S+30) = 208; 

It enters into combination in this equivalent proportion, and the 
quantity of the bases required to neutralize it is, therefore, the same 
as would be required to neutralize half the sulphuric acid in its 
constitution. 

§ 542. When sulphuric acid again is brought to act upon 
alcohol, as in the process for making ether, it immediately determines 



340 


SULPHO-VINIC ACID. 


the formation of, and enters into combination with etherine^ in the 
proportion of two equivalents of the acid to one of the quadri-hydro- 
carbon, and a new acid is formed, to which the name of the sulpho- 
vinic acid has been given. Its composition therefore is : — 

Etherine. Sulphuric Acid. 

(4C+4H) + 2 (S+30) = 108. 

It resembles the sulpho-naphthalic acid in its constitution, and like it 
requires half the amount of any base for its neutralization which 
would be necessary for the neutralization of the sulphuric acid in its 
constitution. 

The sulpho-vinic acid may be obtained in an insulated state, or 
rather in combination with water only, by the decomposition of 
sulpha mnate of baryta or lehd^ both of which are soluble salts, by 
sulphuric acid, which precipitates their bases in an insoluble form. 
When concentrated by evaporation in vacuo, it may be obtained in 
the form of a colourless, sour liquid, of the specific gravity = 1.319. 
It is decomposed by a gentle heat. At a high temperature the 
sulpho-vinate burns with flame, and leaves a residue of the bi- 
sulphate of the base. 

§ 643. The formation of the sulpho-vinic acid is probably a 
necessary preliminary step in the formation of ether ; for it is by the 
agency of the sulphuric acid thus exerted that the etherine is first 
formed from the alcohol. It is afterwards evolved in combination 
with water as ether ; ether being capable of being represented, as 
we have seen, as a hydrate of etherine (§ 506). 

§ 544. Etherine, again, is capable of combining with sulpho- 
vinic acid when its acid properties are entirely neutralized. Such 
a compound is obtained by carrying the distillation of a mixture of 
sulphuric acid and alcohol beyond the point at which ether comes 
over. An oily-looking liquid is then obtained, which was formerly 
known by the name of oil of wine; when wtU w^ashed and purified 
it has a pungent aromatic flavour. It is composed, according to its 
analysis, of : — 

Etherine. Sulphuric Acid. 

2 (4C-f4H) -h 2 (S + 30) 

§ 545. Etherine also enters into combination with other 
acids, and the compounds are known by the name of ethers^ which 
are distinguished by the names ofcjthe acids which enter into their 
composition. 
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Oxalic ether may be procured by distilling 1 part of alcohol, 
2 of sulphuric acid, and 1 of oxalic acid. An oil-like liquid is 
obtained, mixed with alcohol and ether, which settles to the bottom 
of the receiver. It must be separated from the lighter liquids, which 
float above it, and may be purified by boiling it with powdered oxide 
of lead. It has a specific gravity of 1.093 at 45°, it boils at 360°, 
and is inflammable. It posseses an aromatic odour, and is but little 
soluble in water, but is readily taken up by alcohol. When in 
contact with water it is speedily resolved into oxalic acid and alco- 
hol. It consists of : — 

Carbon 

Hydrogen . 

Oxygen 


And its constitution may be represented as: — 

Etherine. Oxalic Acid. Water. 

(4C+4H) + (2C+30) + (H + 0); 

or one equivalent of etherine united to one of oxalic acid, and one 
of vrater. 

Acetic ether ^ may be prepared by distilling a mixture of 63 
parts of strong acetic acid, and 17 of sulphuric acid, with 100 parts of 
alcohol. The product must be rectified by redistillation from lime. 
It boils at 105°, burns with a yellowish flame, and the evolution of 
acetic acid. It is lighter than water, and possesses a peculiar agree- 
able odour. Its ultimate analysis gives the following results : — 

Carbon . . . 54.55 = 8 Equivalents. 48 

Hydrogen . . . 9.09 =8 „ 8 

Oxygen . . . 36.36 = 4 „ 32 

100.00 88 

Which are equivalent to : — 

Etherine. Acetic Acid. Water. 

(4C+4H) + (4C+3H+30) +(H + 0); 
or one equivalent of etherine, one of acetic acid, and one of water. 

§ 546. Similar combinations of that species of hydro-carbon to 
which the name of methylene has been given (2C + 2H) may be 
made by analogous processes, and perfectly different from those which 
we have just examined of ethiiine (4C-h4 H). 


. 49..^! = 6 Equivalents. 36 
. 6.85 = 5 „ 5 

. 43.84 = 4 „ -32 

100.00 
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§ 547. It is not consistent with our plan to follow this 
subject further at present; but we shall take an opportunity of 
showing how these radicals^ (as compound bodies which enter into 
combination after the manner of simple substances are called,) 
combine with the remaining non-metallic elements as the latter pass 
under our review. 

§ 548. Before we proceed to this examination we must, how- 
ever, make a few observations upon the definite combinations of 
water, which sometimes plays the part of one of these compound 
radicals. We have already seen that it enters into the composition 
of certain salts, in its equivalent proportion, or some multiple of it, 
and that it then goes by the name of tcater of crystallization (§ 494). 
Sometimes a salt Avill spontaneously part with one equivalent at 
ordinary temperature, in a dry atmosphere, and then loses its trans- 
parency and crystalline texture, and falls into a powder : it is then 
said to effloresce. Most salts give oft* the whole of their water at a 
high temperature. Some salts lose their colour when anh}'drous^ 
(as the sulphates of copper and iron,) and recover it again upon 
having it restored, but their more salient chemical properties are not 
altered by the change. 

§ 549. Water again enters into definite combination with 
the oxides of the different metals, which are then called hydrates^ or 
are said to be hydrated. Thus 40 parts of potassium combine with 
8 parts, or 1 equivalent, of dry oxygen, to constitute 48 parts of 
potassa; but when brought into contact with water, 48 parts of 
potassa unite with 9 parts of water to constitute the hydrate of 
potassa. So intimate is this union, that no degree of heat is capable 
of driving oft* the water; although on entering into combination 
with acids the alkali often separates from it. 

§ 550. We have also seen that water combines in its equi- 
valent proportions with certain acids; which, in fact, are not capa- 
ble of existing in a state of insulation from bases unless their 
elements are bound together by its attraction. This is the case 
with the nitric and the oxalic acids (§ 462 and 494) ; when they 
enter into secondary composition with the bases they are, however, 
capable of throwing off* the watery and combine in their simple equi- 
valent ratios. 

Water is also capable of replacing, and of being replaced by 
elementary substances, or other radicals, in various secondary com- 
binations. 



NON-METALLIC ELEMENTS. 


343 


§ 651. Our examination of the classical elements has thus 
brought us acquainted: — 1st, ^Vith the leading characters of the 
metals as a class of simple substances, connected together by the 
strongest analogies. 2ndly, With those of four non-metallic elements, 
oxygen^ hydrogen^ nitrogen^ and carbon^ separated from one another, 
and from the preceding class by differences as strong as it is possible 
to imagine ; and we have been led to examine some of their com- 
pounds, both primary and secondary, with the leading object of 
founding clear ideas of the laws of chemical combination upon 
distinct facts. Further illustration of this subject is still necessary: and 
it is also necessary that we should become acquainted with other 
species of matter, both simple and compound, before we can be in a 
condition fully to appreciate the connexion of the physical forces, 
and their concurrence to the production of chemical phenomena. 

To attain this object, we may proceed to examine the remaining 
non-metallic elements., which are only nine ; and such of their prin- 
cipal compounds as may tend to illustrate the formation of the 
infinite variety of substances, wdiich rtiay be formed from these few 
materials restricted within the narrow limits of combination which 
we have already defined. 

§ 552. A scientific arrangement of the subject, even if our 
present imperfect knowledge would admit of it, is beyond our 
present design, which is to ascend from the known to the unknown 
by the easiest and most natural gradation. We will therfore select 
for the next subjects and instruments of illustration, a group of 
these elementary forms of matter which are connected together, like 
the class of metals, by the strongest analogies, and of which to state 
the modes of combination of one is to lay them down for all. They 
have, moreover, one common origin, — namely, the waters of the 
ocean ; from the saline contents of which, or of the ashes of vege- 
tables which grow upon its shores, they are all derived by similar 
processes. They do not exist in the insulated state in nature, but 
are the educts of chemical science, and two of them of very recent 
discovery. They have received the trivial names of chlorine.^ 
bromine., and iodine. 


Chlorine. 

§ 553. Chlorine may be obtained by mixing three parts of 
pure culinary salt, which is derived either from sea-water or rock- 
salt, with one part of peroxide of manganese, and pouring upon them 
in a retort two parts of sulphuric acid diluted with an equal weight 
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of water. By the action of a gentle heat, a gas is given off, which 
may be collected in bottles over hot water, and preserved by care- 
fully expelling all the water, and closing them with greased 
stoppers. 

Water of the ordinary atmospheric temperatures dissolves about 
twice its volume of the gas, and mercury rapidly combines with it. 
It possesses a yellowish-green colour, from which it derives its 
name, an astringent taste and a most noxious suffocating odour; 
all of which qualities it communicates to its aqueous solution. 
When received into the lungs, its action is extremely painful and 
injurious. By subjecting it to a pressure of four atmospheres at 60®, 
it may be condensed into the liquid state. In its gaseous form 
under ordinary circumstances, it is considerably heavier than com- 
mon air, 100 cubic inches w^eighing between 76 and 77 grains. It 
undergoes no change by being passed through porcelain tubes 
intensely heated, nor by a succession of electric sparks, and it has 
resisted all attempts to decompose it. 

The flame of a taper introduced into it continues to burn 
with a dull red light, throwing off a dense black smoke. Even 
when the wick is merely glowing, the flame will be rekindled ; but 
the combustion is maintained by the hydrogen only, the carbon 
being entirely precipitated. Phosphorus spontaneously ignites in 
it, and burns with a pale white flame, indicative of the absence of 
any solid matter, and several of the metals in a finely divided state, 
or in thin leaves, burn spontaneously ; and in this way tin, copper, 
zinc, and antimony, exhibit very beautiful appearances. 

§ 554. The primary compounds of chlorine and the metals 
are denominated chlorides^ and their multiple combinations are 
distinguished, like the oxides, proto-chlorides, deiito-chlorides^ per- 
chlorides^ &c. They have points of considerable resemblance to the 
oxides, and like ^hem, some of them have the property of combining 
with others of the same class, in the manner of acids and bases. 
These have sometimes been named chloro-salts^ but are most conve- 
niently distinguished as double chlorides. 

When the metal sodium is heated in chlorine, it burns vividly, 
and produces a compound which has all the properties of culinary 
salt ; which is therefore a chloride of sodium. 

§ 555. Chlorine when mixed with the vapour of water as 
it is usually obtained, or in solution, has strong bleaching powers 
upon vegetable colours, and a solution of indigo in sulphuric acid, 
is on this account frequently employed to test its presence. When 
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perfectly dry, however, it is without action even upon the delicate 
blue colour of litmus. Whence it has been conjectured that its 
property of bleaching may be derived from its combining with the 
hydrogen of a part of the water, and the formation of deutoxide of 
hydrogen. It has also strong anti-septic properties, and from its 
strong affinity for some of the elements of animal substances, 
destroys contagious matters and bad odours. 

The compounds which chlorine forms with the non-metallic 
elements and radicles are various, important, and instructive. 

Chlorine and Hydrogen, 

§ 556. A mixture of chlorine and hydrogen will remain in 
the dark without change, but if exposed to day-light the two gases 
will unite slowly, and in the direct light of the sun, suddenly and 
with detonation. When mixed together exactly in the proportion 
of equal volumes, and fired by the electric spark in the apparatus 
formerly described (102), a bright flash takes place ; and if the tube 
be opened over mercury, no change of volume will be perceptible : 
but if it be opened over water, the liquid will dissolve the gas, rush 
in with violence and fill the tube. 

The destruction of the green colour of the mixture will indicate 
the essential change which has taken place with the extrication of 
light and heat ; as well as its difterent action upon vegetable 
colours. Instead of bleaching it will now be found to redden the 
blue colour of litmus, which property it communicates to its solu- 
tion, which, moreover, is intensely sour. In short, the compound 
has all the properties of a powerful acid. It is called, according to 
the scientific nomenclature, hydro-chloric acid^ but it has long been 
known by the name of muriatic acid. It may readily be obtained 
from sea-salt by the action of strong sulphuric acid. The gas which 
is given off* in great purity must be collected ovef ihercury, 

§ 557. Hydro-chloric acid is colourless, of a very pungent 
odour, and intensely acid. I<yg attraction for water is so great, that 
when a little escapes into the air, a white cloud is instantly formed 
from the condensation of the atmospheric vapour. It extinguishes 
flame and is incombustible, it is also perfectly irrespirable : it may 
be liquified at a pressure of 40 atmospheres, by generating it in a 
confined space. Water at the temperature of 40 will dissolve about 
480 times its volume, and thereby increases its bulk and its specific 
gravity from 1 to 1.210. The solution is largely employed in the 
arts, and maybe produced by passing the gas immediately into water. 
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or by adding a sufficiency of water to the sulphuric acid and distilling. 
Acid of the specific gravity of 1.111 may be distilled without change. 
The solution when pure is perfectly colourless, and possesses the 
smell and other properties of the gas (130). 

§ 558. Hydro-chloric acid maybe decomposed by several of the 
metals which combine with its chlorine tand disengage its hydrogen. 
Tin, lead, or potassium, heated in the gas are converted into chlo- 
rides, and leave half the original bulk of the gas of pure hydrogen. 
Thus, its analysis exactly agrees with its synthesis by volumes, and 
from its specific gravity it is easy to calculate that 36 parts by 
weight of chlorine are combined with one of hydrogen, and that 
its equivalent number is consequently 36, and that of the acid 
Sr (131). 


(130) The saturation of water with the more soluble gases, is 
carried on in what is called Woulfes Apparatus, a is a tubulated retort 
for containing the materials for the extraction of the gas ; 5 is a receiver 
communicating by a bent tube with the three-necked bottle, c, which is 
connected also by a tube with d. The bottles are about half filled 



with ■water ; when that in c is saturated, the gas passes into d, and after- 
wards through the tube c, which may be connected with the pneumatic 
trough. The safety tubes, ff^ prevent the water being forced by the 
pressure of air into 5, in case absorption should be too rapid. They dip 
only about half an inch under water, so that the air readily enters by 
them, and compensates the absorption. 

(131) The constitution of muriatic acid may be represented thus:— 


Chlorixu). 

Hydrogen. 


Muriatic acid. 

100 cubic inchr*. 

100 cubic inches 

r— 

300 cubic inches. 

. 76.5 grains 

3.1 grains. 


78.6 grains. 
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§ 559. The law of equivalent proportions is beautifully 
illustrated by the reaction of hydro-chloric acid upon metallic 
oxides. According to the general view which we have given of the 
mutual action of acids upon bases, it might be expected that a simple 
combination of the two would take place, and that when muriatic 
acid was neutralized by soda, a muriate of soda would result ; and 
when the compoui^d is in solution in water, there is nothing to con- 
tradict the hypothesis which is founded upon the strong analogy of 
other acids. But when separated from water by evaporation, we 
find that we have in this secondary compound exactly the same 
substance as is produced by the primary combination of metallic 
sodium and chlorine. The hydrogen of the acid and the oxygen of 
the base being in equivalent proportions, have combined together to 
form water (1 32) . 

There is no ambiguity in the case of the combination of the 
muriatic acid and ammonia ; the result must obviously be a muriate 
of ammonia, but in many instances of the action of muriatic acid 
upon other bases, it is perhaps impossible to decide whether the 
product be a muriate or a chloride. This acid, for example, will 
combine with oxide of barium or baryta: and when this base is 
heated in the gas it becomes red-hot, water is formed, and a grey 
substance is j)roduced which is exactly the same as may be formed 
by the action of chlorine upon it, in which case oxygen is evolved. 
There is here no question that the result is a chloride of barium. 

If on the other hand the compound be dissolved in water, or if car- 
bonate of baryta bo decomposed by liquid hydro-chloric acid and the 
solution carefully evaporated, flat, four-sided crystals will be obtained, 
which are permanent in ordinary states of the atmosphere, but 
effloresce from loss of water of crystallization in dry air. They contain 
two equivalents of water which may be wholly expelled, and dry 

(132) The general case of the action of muriatic acid upon a 
metallic oxide may be thus represented 

+ 
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chloride of barium wnll remain. Now it is obvious that this crys- 
tallized salt may be regarded as a compouftd of muriatic acid and 
baryta, and one equivalent of water of crystallization ; while, on 
the other hand, there is no good reason for affirming that it may not 
be a hydrated chloride. 

The symbolic representation of these two views will render this 
perhaps clearer : for,— 

Chloride of Barium. Water. Oxide of Barium. Muriatic Acid. Water. 

(B + Cl) + 2 (H + O) = (B + O) + (Cl + H) + (H + O) 

The last view supposes that when the dry chloride of barium is 
dissolved in water, an equivalent of the latter is decomposed, the 
hydrogen of which combines with the chlorine, to form the hydro- 
chloric acid and the oxygen with the metal to constitute the baryta. 
That chlorides are capable of effecting this decomposition may bo 
shown by examples, in which there can be no ambiguity ; as when 
chloride of antimony is dropped into water, muriatic acid is the result, 
and an insoluble hydrated oxide of the metal which is precipitated. 

§ 560. The exact adjustment of equivalent proportions is 
again shown in the action of muriatic acid upon the oxides of such 
metals, as constitute more than one salifiable base, as for instance, 
the protoxide and the deutoxide of mercury, in the first of which 
200 parts of the metal are combined with eight of oxygen or one 
equivalent, and in the second, with sixteen or two. When the pro- 
toxide is subjected to the action of the acid, 37 parts or one 
equivalent is decomposed ; one equivalent of water is formed, and 
one equivalent of proto-chloride, which is exactly similar to the 
primary combination which takes place at ordinary temperature, 
between 200 parts of mercury and 36 of chlorine. When the 
deutoxide, on the contrary, is acted upon by muriatic acid, 74 parts 
or two equivalents of the latter are decomi^osed, two equivalents of 
water are composed, and one equivalent of the bi-chloride which is 
exactly the same as the bi-chloride formed by the action of chlorine 
upon mercury at a high temperature, and consists of 200 parts of 
mercury and 72 of chlorine. 

§ 561. When the peroxides of metals, on the other hand, 
whose protoxides alone constitute bases, are acted upon by muriatic 
acid, one equivalent only of chlorine combines with the metal, the 
equivalent hydrogen of which forms water with one equivalent of 
the oxygen of the peroxide, while the remainder of the oxygen 
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combines with the hydrogen of another portion of the acid, and sets 
the chlorine free. It is in this way that chlorine can advantage- 
ously be collected by the direct action of a strong solution of muriatic 
acid upon peroxide of manganese. 

The same observations apply to all the class of hydro-acids ; 
another of which, the hydro-cyanic acid, has been already 
described (§ 534). 

The hydro-chloric acid is the only known compound of chlorine 
and hydrogen. 


Compounds of Chlorine and Oxygen, 

§ 562. Chlorine and oxygen are connected together by many 
points of resemblance ; and are deficient in that marked opposition 
of characters which renders the force of affinity most efficient. Their 
modes of combination with hydrogen and the metals are similar, 
and chlorine supports the combustion of these elements as well as 
oxygen. For every oxide there is a corresponding chloride^ and 
they are both equally opposed to hydrogen ; which only in two or 
three instances, as exceptions to a general rule, shows a slight 
attraction for metals. There is another striking analogy between 
the two in their relation to electrical forces, which will be hereafter 
pointed out. 

No combination of chlorine and oxygen can, therefore, be ob- 
tained by the direct action of the two elements ; . but several can be 
formed by double decompositions and recompositions, all of which 
are unstable, and some of them decomposable even with violence by 
slight changes of temperature. 

§ 5G8. Upon agitating a mixture of one part of deutoxide of 
mercury, with twelve of water in a bottle filled with gaseous chlo- 
rine, the gas is rapidly absorbed ; a white powder is deposited, which 
is chloride of mercury, and a liquid compound of oxygen and 
chlorine remains in solution ; but care should be taken that some 
of the red colour may remain to ensure the complete absorption 
of the gas. The liquid must be filtered and distilled in vacuo : it 
is then a solution of the first compound of chlorine and oxygen, to 
which tbe name has been given of the hypo-chlorous acid. It may 
be separated from its water of solution by throwing up a portion 
into an inverted jar of mercury, and then passing into it through the 
metal pieces of fused nitrate of lime. The salt rapidly abstracts 
the water, and a gas is obtained of a deeper yellow colour than 
chlorine, of a strong penetrating odour, and decomposable by mer- 
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cury from the contact of which it is preserved by the saline solution. 
It requires to be very cautiously dealt with; for a very slight 
elevation of temperature, such as the heat of the hand, is sufficient 
to decompose it with the extrication of light and heat ; and when 
absorbed into the pores of charcoal, or even blotting paper, by the 
force of adhesion, this violent separation of the gases takes place. 
The direct solar says will also resolve it into its elements without 
detonation. When mixed with hydrogen it explodes violently by 
the electric spark. Its analysis shows it to consist of one volume of 
chlorine, and half a volume of oxygen condensed into one, or one 
equivalent of each. This would make its equivalent 36 + 8 = 44, 
but from some of its combinations it is probable that the proportion 
in which it enters into secondary composition, may be double this or 
88 (133). Its formula is 2 (C' 4- O). 

The solution of hypo-chlorous acid is pale yellow; it has a 
peculiar odour and an acrid taste. It attacks the cuticle more 
energetically than nitric acid, and stains it of a reddish brown colour. 
All the metals which have a strong attraction for oxygen become 
oxidated by it and evolve chlorine ; but silver combines with the 
chlorine and evolves oxygen. 

§ 564. By submitting other oxides to the action of chlorine, 
it, may be made to combine with a higher proportion of oxygen. By 
passing a current of the gas into a solution of potassa, one portion 
combines with the metal, forming a chloride of potassium, while 
another portion unites with the oxygen which is displaced and con- 
stitutes an acid, which is called the chloric acid. This, again, 
combines with some of the unchanged potassa, forming a salt, to 
which the name of chlorate of potassa has been given. It separates 
spontaneously, from its little solubility, in brilliant rhomboidic tables. 

Chloric acid may also be obtained in the free state, or rather in 


(133) The composition of the hypo-chlorous acid, by volume, is 
therefore probably : — 


Chlorine. 

Oxygen. 

100 cubic inches. 
17.3 grains. 

76.6 grama. 


Chlorine. 

100 cubic inches. 

Oxygen. 

100 cubic inches 
17.3 grains. 

76.6 grains. 



Hypo-chlorous Acid, 
aoo nibic inchei. 
l86.8 graina. 








CHLORIC ACID, 


351 


union with water alone, without which, or a base, it cannot exist, 
by passing a current of chlorine through oxide of silver suspended 
in water. Chloride of silver, which is insoluble, is precipitated, 
and chloric acid remains in solution. It may be freed from any 
excess of chlorine by boiling. It is a sour, colourless, liquid ; and 
forms no precipitate in any metallic solution. Hydro-chloric acid 
and chloric acid mutually decompose one another : water is formed, 
and the chlorine of both set free. Chloric acid consists of, — 

Chlorine . . . 47.4 1 Equivalent. 36 

Oxygen . . . 52.6 = 5 Equivalents. 40 

lOQ.O ^ 

Its formula is (C^+5 0). 

§ 565. The character of the salts of this acid may be taken 
from that of the chlorate of potassa. When exposed to a low red 
heat it fuses, gives off its oxygen, and chloride of potassium 
remains. We have already mentioned it as a convenient source of 
pure oxygen (§410). It acts very energetically upon most inflam- 
mable substances, and when triturated with sulphur, charcoal, or 
phosphorus, detonates strongly with the evolution of light and heat, 
owing to the decomposition of the acid. 

§ 566, Another compound with a less proportion of oxygen, 
may be formed by the action of sulphuric acid upon chlorate of 
potassa. Its preparation should only be attempted in small quan- 
tities; as by moistening about 50 grains of the salt with a few 
drops of strong acid, when a solid mass will be obtained of an 
orange colour. By introducing this mass into a small retort, and 
gradually warming it by a water bath kept below the boiling point, 
a }'el]o wish-green elastic fluid passes off*, which is rapidly dissolved 
by water, but may be collected in small tubes over mercury. Its 
odour is peculiar, and not nearly so suffocating as that of chlorine. 
100 cubic inches weigh about 72 grains. It explodes at a temper- 
ature below 212° with great violence, and the evolution of a bright 
light. Two volumes arc thus expanded into three, two of which 
are oxygen, and one chlorine, so that its composition must be 

Chlorine . . . 52.9 =: 1 Equivalent.. 36 

Oxygen . . . 47.1 = 4 Equivalents. 32 

100.0 m 


Its formula is (C^ -f 4 O). 
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Its proper name is peroxide of chlorine^ but by some chemists it 
has b*een called th© chlorous acid. Its solution possesses a deep, 
yellow colour, and an astringent corrosive taste. It bleaches very 
strongly, 

§ 567. From the same source that w^e obtain the peroxide of 
chlorine, we may also procure chlorine in a still higher degree of 
oxidation than in the chloric acid ; for, after the oxide has been 
obtained by the action of the sulphuric acid upon the chlorate of 
potassa, there remains a white saline mass, which is a mixture of 
two salts, namely, hi-sulphate of potassa and per'chlorate of potassa^ 
which may be easily separated by solution and crystallization, as the 
former is much more soluble than the latter. 

By distilling the per-chlorate of potassa with its own weight of 
sulphuric acid, diluted with about a fourth part of water ; the per- 
chloric acid separates in white vapours, which condense in the form 
of a colourless liquid. It is the most stable of all the compounds of 
the two elements. It may even be obtained in the form of crystals 
by distillation with sulphuric acid, which abstracts all its water. 
It is not decomposed by hydro-chloric acid. It is constituted of : — 

Chlorine . . .39.2 = 1 Equivalent. 30 

Oxygen . . (JO.H = 7 Equivalents. 56 

100.0 92 
Its formula being (C^ + 7 O). 


Compound of Chlorine and Nitrogen. 

§ 568. There is but one known compound of chlorine with 
nitrogen, which cannot be obtained by the direct action of the two 
elements ; and it is as unstable as its compounds with oxygen 
which we have just described. It may be formed by the action of 
chlorine upon any of the salts of ammonia. When gaseous chlorine 
is passed into ammoniacal gas, it decomposes it with so much energy 
that the gas inflames : muriatic acid is formed, which combines with 
aiiQt^r portion of the ammonia, and nitrogen is left. By passing 
the same gas into an aqueous solution of the alkali, or by mixing 
the solutions of the two gases, pure nitrogen may be collected. 
When chlorine, however, is passed into warm solutions of muriate 
or nitrate of ammonia, the ammonia is still decomposed, but the 
nitrogen is not given off in the free state, but in combination with 
another portion of chlorine. The same compound is also formed by 
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suspei)iiug a crystal of amnioniacal *lalt in solution of hypo- 
chlorous acid. 

It is an oily-lookiog liquid which falls, to tW bottom of the 
solution in which it is generated, and sliould ’not be experimented 
upon in quantities larger than a grain of mustard seed ; even then 
it should be handled ^ith extrenie caution. It is the .most 
powerfully-explosive qpmpoun^ toown. Its specific gravity is 
1.6^3, and it does not Income solid ati^gi^e^ degrees of artificial 
cold. At about a temperaturi? of 200° it detonates spontaneously, 
and the mere contact of some coypibustible substances causes it to 
explode. When a globule is touched with olive-oil or turpentine, 
the concussion whiclfis produced is so great as to shatter any glass 
or earthern-ware vessel in which the experiment is made. Metals, 
resins, and sugar, do not ordinarily cause its ^composition ; but 
most greasy substances, phosphorus, naphtha, potassa, and many 
others cause it to detonate. 

The products of its decomposition are chlorine and nitrogen, and 
its composition has been inferred to be : — 

Nitrogen . , . = 1 Equivalent. 14 

Chlorine . . . 88.5 = 3 Equivalents. 108 

100.0 

It has been named chloride of nitrogen^ and its formula is 
(N + 3 0). 

§ 569. The nature of these detonations, and of the light and 
heat which are thus given off during the separation of elements 
which are mostly characterized by having but a feeble mutual 
affinity, is by no means understood ; if, in^ed, we can h© said to 
understand the evolution of light and heat at all. At present the 
usual explanation of the phenomena of combustion does not seem 
applicable to them. The compounds of nitrogen are particularly 
liable to such energetic decompositions, which is the more remark- 
able, as this element appears to be particularly inert in its com- 
bining powers. 

Compounds of Chlorine with Carbon and Hydro-carbon* 

§ 570, When a mixture is made of two parts of chlorine to 
one of bi-hydro-carbon by volume and ignited, muriatic acid is 
formed, and the whole of the carbon is deposited ip the form of a 
dense black smoke : but if a mixture of equal volumes of the two 
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gases be allowed to remaifl oyer water, complete condensation 
takes place. The result of the combination is a yellow liquid, 
looking like an oil, but possessing ^ peculiar odour and sweet taste. 
It is volatile, and may be distilled without change. It was from the 
formation of this substance that the bi-hydro-carbon was formerly 
called olefiant gas. It possesses, however, very different properties 
from those of oil, and more nearly approaches ether in character. 
Indeed its composition Iranks it with those compounds of hydro- 
carbon and acids which have been already described (§ 545). It may 
properly be called the chloride of hydro-carbon. Its specific gravity 
at 45°' is 1.22, it boils at 152°, and at 49° its vapour is capable of 
supporting a column of mercury of 24.f)6 inches. It burns with a 
green flame, and gives out Copious fumes of muriatic acid and much 
soot. It is composed of one volume of chlorine and one of olefiant 
gas, or by weight of : — 


Carbon . . 24 = 2 Equivalents. 12 

Hydrogen .4 = 2 „ 2 

Chlorine . 72 = 1 Equivalent. 36 

100 


|Bi-hydro-carbon. 


Formula, (2C + 2 IH-C^). 

§ 571. When the hydro-chloride of carbon is exposed in an 
atmosphere of chlorine to the direct rays of the sun it is decom- 
posed : muriatic acid is formed by the abstraction of the hydrogen, 
and the carbon remains in combination with chlorine alone. I^hc 
per-chloride of carbon thus obtained is a transparent, colourless, solid, 
having very little taste, and possessing an aromatic odour resembling 
that of camphor. Its specific gravity is 2.0. It is very brittle, and 
a non-conductor of electricity. It is volatile at common tempera- 
tures, and sublimes in very transparent colourless crystals. It molts 
at 320% and boils at 360° Fahrenheit. It is scarcely combustible, 
but when held in the flame of a spirit-lamp it burns with a red flame, 
and gives off much smoke and fumes of muriatic acid. It is but 
little soluble in water, but is readily taken up by alcohol, and may 
be obtained in crystals from that liquid upon careful evaporation. 
The results of both its analysis and synthesis concur in its being a 
compound of : — 

Carbon 10 = ] Equivalent. 6 
Chlorine 90 = 1^ Equivalents. 54 

100 ()0 


Foimula, (2C-|-3C^). 
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§ 572. This compound maybe a>nverted into ^ proto-cUoride 
by simply passing its vapour through an ignited glass tube, contain- 
ing fragments of glass or rock crystal, to increase the heated surface. 
Chlorine escapes, and a fluid passes over, which may be separately 
condensed. 

It is limpid and colourless ; does not assume the solid form, even 
at 0° of Fahrenheit, and is volatilized at a temperature between 
160° and 170°. Its specific gravity is about 1.5. It may be dis- 
tilled without change, but und^goes decomposition at a full red 
heat. It may be mixed with alcohol, other, and oils, but not with 
water. It is not combustible, except when held in the flame of a 
lamp, when it burns with a yellow light, and gives off much smoke, 
mixed with muriatic acid. Its analysis shows it to be composed of : — 

Carbon 14.3 = 1 Equivalent. 6 

Chlorine 85.7 = 1 36 

100.0 42 


Formula, (C 4* C^). 

§ 573. Quadri-hydro-carbon, or etherine, forms a compound 
with chlorine, which is a liquid somewhat resembling the hydro- 
chloride of carbon, but is not identical with it. When treated with 
excess of chlorine in the light of the sun, muriatic acid is produced 
and chlorine disappears, but no chloride of carbon is formed : thus 
affording another proof that isomeric bodies are endued with very 
different specific properties. 


Compound of Chlorine and Cyanogen. 

§ 574. When the bi-cyanide of mercury is moistened with 
water and exposed, in the dark, to the action of chlorine in a 
closed vessel, bi-chloride of mercury is formed, and a compound of 
cyanogen and chlorine in vapour. By exposure to a temperature 
of 0° Fahrenheit the chloride of cyanogen solidifies. In this state, 
after absorbing any moisture from it by fused muriate of lime, 
the bottle is filled with mercury, inverted, and heat applied, when 
it again rises in the elastic state. At a temperature of about 6°, or- 
under a pressure of four atmospheres at 60°, it assumes the liquid 
state. It is soluble in water, but to a greater extent in alcohol and 
ether. Its vapour is very deleterious when breathed, and irritates 

2 A 2 
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the eyes. 100 volumes of the vapour consist of 50 volumes of 
cyanogen and 50 of chlorine, and it is a compound of : — 


Carbon 

19.4 ) ^ f = 2 Equivalents. 

22.6/ 1 = 1 Equivalent. 

12 

Nitrogen 

14 

Chlorine 

58.0 = 1 „ 

36 


100.0 

62 


Formula, (2C4-N + C0- 


Bromine. 

§ 575. In the manufacture of culinary salt from sea-water, 
after the processes of evaporation and crystallization, an uncrystal- 
lizable residue remains, which goes by the name of hittern. It 
contains in solution a salt of exactly analogous constitution to the 
chloride of sodium, but in which another non-motallic clement is 
united with the metallic basis. It may be separated by ])assing 
chlorine into the solution, which, from superior affinity, combines 
with the metal, and a deep yellow colour is immediately dcvclo];)ed, 
and a strong peculiar odour. By distillation and passing the A apour, 
as it rises, over muriate of lime, to detain the water, a few drops 
may bo obtained of a volatile liquid, of a red colour, which will fill 
the receiver with vapours resembling that of the nitrous acid. It 
has been called bromine. 

It is better obtained by agitating the liquid, after the action of 
the chlorine, with ether, which exercises a strong solvent power upon 
the bromine and separates it from the aqueous solution. It may be 
soj^arated from the ether by the action of potassa, which forms with 
it a bromide of j)otamiim and a bromate of 2 >ot a ssa., exactly in the same 
way that chlorine and chlorate of potassa are formed under similar 
circumstances (§ 561). By evaporation to dryness and exposure to a 
dull red heat, the bromato is easily converted into bromide. This salt 
may then be treated exactly in the same way as chloride of sodium 
in the generation of chlorine, with oxide of manganese and sulphuric 
acid. Red vapours arc given off by distillation, which condense 
into blackisli-rcd drops in the cooled receiver. 

§ 576. Bromine is a fluid of a hyacinth-red colour, when 
viewed by transmitted light. At a temjjerature a little below 0° 
Fahrenheit, it suddenly congeals, and is very brittle. Its odour is 
extremely disagreeable and intense, its taste unpleasant, and very 
powerful. It is very poisonous. It corrodes the skin, and stains it 
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yellow, but not permanently. Its specific gravity is nearly 3. It 
is very volatile, gives off red vapours at common temperaturesj 
and boils at 116.5. 

Light which has been transmitted through the vapour of bromiiio 
much diluted with common air, presents, when analyzed by the prism, 
a spectrum interrupted by more, probably, than 100 equidistant 
lines ; as the vapour becomes denser, the blue end of the spectrum 
disappears, and the lines in the red part become more distinct. In 
this extinction of the blue rays it presents a marked analogy with 
chlorine. The arrangement of the lines is quite different from that 
of the lines presented by an atmosphere of nitrous acid (§ 461), 
although the two vapours cannot be distinguished from each other 
by colour. 

A taper will not burn in its vapour, but, wdien mixed with air, 
it alters the tint of the flame. It is soluble in water, alcohol, and 
particularly in ether. It docs not redden, hut destroys the colour of 
litmus, and even of indigo. It forms a crystalline combination with 
w^ater at a temperature of 32^ Fahrenheit, and the form of tho 
crystals is octohedral. They arc of a red tint, and continue per* 
manent even at the tcni])erature of 50°. 

Bromine produces a characteristic deep yellow coloui* when 
mixed, even in small quantities, with cold solution of starch. 

Compound of Bromine and Hydrogen. 

§ 577. Wlien tho vapour of bromine and hydrogen arc 
mixed together, they do not react upon one another at ordinary 
temperatures, even when exposed to the direct light of the sun; 
neither does the mixture cx]flodo by tho passage of an electric spark : 
but if a coil of red-hot platinum wire be suspended in it, combina- 
tion goes on upon its surface, and enough heat is disengaged to 
maintain the process. 

A colourless gas is thus obtained, possessed of strong acid 
properties. It may also be obtained in larger quantities by the 
action of sulphuric acid upon the bromide of potassium. It is called 
the Iiydro-hromic acid. It is rapidly absorbed by water, but may be 
collected and preserved over mercury. It produces dense white 
vapours when it escapes into the air, from its combination with 
aqueous vapour, and it possesses a strong irritating odour. Its 
solution in water is colourless, and possesses the principal properties 
of the gas. 

The hydro-bromic acid is decomposed by chlorine, whiejh com- 
bines with its hydrogen to form hydro-chloric acid, and tho bromine 
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is set free. Potassium decomposes it, combines witt the bromine, 
and disengages exactly half its volume of pure hydrogen. The 
weight of 100 cubic inches of the acid is about 85 grains. 

50 cubic inches of Hydrogen . . 1.06 
50 „ Bromine . . 84.00 

TOO^ 85.06 


Of it consists of : — 

Hydrogen . . 1.255 = 1 Equivalent. 1 

Bromine . . . 98.745 = I „ 78 

100^ ^ (134.) 

Formula, (H + B). 

Compound of Bromine and Oxygen, 

§ 578. We have already stated (§ 575) that, when bromine 
is passed into a solution of potassa, a bromide of potassium and a 
bromate of potassa are formed; and the same adjustment of the 
affinities of the elements concerned takes place with other bases. 
Thus a bromide of barium and a bromate of baryta may be procured, 
the former of %hich may bo easily separated from the latter from 
its superior solubility. The bromic acid may be disengaged from 
the bromate of baryta by sulphuric acid, which forms an insoluble 
compound with the base, and leaves the acid in solution. It possesses 
scarcely any odour, but has an acid taste and reddens, and gradually 
destroys, the blue colour of litmus. It is similar in its constitution 
to the chloite acid, and is composed of: — 

Bromine 66.1 
Oxygen 33.9 

100.0 


Formula, (B 4-5 0). 


I Equivalent. 78 
= 5 Equivalents. 40 ' 

118 


(134) The constitution of the hj^dro-bromic acid by volume is, 
therefore : — 


Hydrogen. 

Bromine. 


Ilydro-Bromic Acid. 

too cubic inches, 
grains. 

100 cubic inches. 
)6S. grains. 


300 cubic iiirbrs. 

17a 1 grains. 
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Most of the salts of the bromic acid, like those of the chloritg^ 
when mixed with sulphur or other combustibles, detonate with a 
blow, and scintillate upon hot charcoal.^ 


Iodine, 

§ 579. The ashes of sea- weeds, called help^ which are largely 
produced on the western coast of Scotland, and were formerly 
very much used in the manufacture of soap, afford another un4^com- 
posod substance, which in its properties, and modes of extraction 
and combination, strongly resembles chlorine and bromine. , 

. After the separation of the carbonate of soda from the kelp, an 
uncrystal] izablo residue remains, containing a salt exactly analogous 
to the chloride and bromide of sodium. By mixing per-oxide of 
manganese with it, and pouring upon it sulphuric acid, beautiful 
violet vapours make their appearance, which condense upon cooling 
into crystalline plates of the colour and lustre of plumbago. These 
crystals may easily be collected and dried between folds of blotting- 
paper. The substance is called iodine, 

§ 580. It is a soft, friable, solid, at the ordinary temperature 
of the atmosphere, and assumes the form of brilliant scales or ])lates. 
It crystallizes as an elongated octohedron or as rhomboidal plates\ 
It possesses a hot and acrid taste, but is very sparingly soluble in 
water. It is poisonous in large doses, but is much used in medicine. 
At -b’O® Fahrenheit it is nearly five times as heavy as water. It 
produces a yellow stain upon the skin which, however, speedily eva- 
porates. It fuses at 225°, and assumes the elastic foiKi under the 
ordinary barometric pressure, at 350° Fahrenheit. In this aeriform 
state it is of a beautiful violet colour, and is. 125 times heavier than 
hydrogen : 100 cubic inches of the vapour weighing 264.75 grains. 

The spectrum of light passed through a dilute atmosphere of 
iodine, presents a series of equidistant lines, resembling those pro- 
duced by bromine. A new and unexpected analogy is thus pre- 
sented between two substances, which have always been remarkable 
as having many other properties in common. Both these elements 
also agree with chlorine, in acting most energetically upon the violet 
end of the spectrum, which, when the vapours are sufficiently dense, 
they entirely cut off. 

Iodine has the property of forming an insoluble compound with 
starch, of a beautiful blue colour, which is so characteristic as to be 
used as a test of its presence in very minute quantities. A solution 
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containing not more than one 450,000th of its weight, will become 
blue by the addition of a cold solution of this vegetable substance. 

It is very soluble in ether and alcohol, and possesses bleaching 
powers, but not so great aslhoso of chlorine and bromine. 

The history of its combinations is almost a repetition of those of 
chlorine and bromine. 

With the metals it forms binary compounds, which are called 
iodides^ and arc named in the same way as the oxides and chlorides. 

Combination of Iodine and Hydrogen , 

§ 581 . When iodine is heated in hydrogen the volume of the 
gas is doubled, and a powerful, colourless, acid is produced, which is 
ra])idly absorbed by water, and so readily acted ujion by mercury, 
that it cannot long be preserved over that fluid. It may be procured 
in large quantities from the iodide of potassium or sodium, the latter 
of which is the salt which is contained in the ashes of sea- weeds, 
by the action of suljfliiiric acid. 

The gas is colourless, has a very sour taste and pungent odour, 
and reddens blue vegetable colours without ultimately bleaching 
them. Mercury decomposes it, unites with the iodine, and loaves 
half the volume of hydrogen. Now : — 

Cubic Inches. Grains. 

50 Hydrogen .... weigh l.OO 
50 Iodine vapour . . . „ 1.82.37 

100 Ilydriodic acid . . ,, 133.4.3 

which agrees with the weight ])y dire'*t experiment. Hydriodic 
acid consist.«rthereforo of : — 

Hydrogen 0.0 =: 1 Equivalent. 1 
Iodine 99.2 =1 „ 125 

10(U) 120 (1.35). 

Formula, (H-f I). 


(135) The symbol of the hydriodic acid is similar to that of the 
hydro-bromic, and we have only to substitute the weight of 100 cubic 
inches of its vapour for that of bromine. 


Hydrogen. 

Iodine. 


Hydriodic Acid. 

100 viiltic inchek. 

100 cubic inches. 


900 cubic iiK hes 

a.i graiot. 

aS.|.7 grains. 


sG6.8 grains. 
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The concentrated solution of hydriodic acid in water fumes in tlie 
air, and has a dcnsijby of 1.7. Mercury does not act upon it, 
although it decomposes the acid so readily in the gaseous state. 

Chlorine decomposes it, forms muriatic acid with its hydrogen, 
and precipitates *1110 iodine. It is also decomposed by exposure to 
the air ; the oxygen of which abstracts tho hydrogen, and sets the 
iodine free. 


Compounds of Iodine and Oxygen, 

§ 582. There arc probably several compounds of iodine with 
oxygen, some of which require further examination ; but the most 
permanent and best characterized is an acid of exactly similar con- 
stitution to that of the chloric and bromic acids. It cannot bo 
obtained by the direct action of iodine upon oxygen, but may bo 
formed by acting upon tho hypo-chlorous acid, or the peroxide of 
chlorine, by iodine. 

When the gas comes into contact witli tho solid, there is an 
immediate action ; its colour changes to a bright orange, and a 
liquid is formed. By tho application of a gentle heat, an orange- 
coloured volatile compound of chlorine and iodine is driven olF, and 
a compound of iodine and oxygen remains. It is a white, semi- 
transjiarcnt solid, without smell, but jiossessing a strong astringent 
sour taste. It is very soluble in water, and its specific gravity is 
more than 2. Its aqueous solution first reddens, and then destroys 
blue vegetable colours. 

Iodic acid is decomposed by heat, and the solo products are 
iodine and oxygen. It is composed of 

Iodine 7^.76 = 1 Equivalent. 125 
Oxygen 21.24 :r: 5 Equivalents. 40 

looT^ Ttio 

Eormula, (14-5 O). 

When mixed with charcoal, sugar, sulphur, and other combustibles, 
it detonates upon the application of heat, and all its salts deflagrate, 
like tho chlorates, upon ignited charcoal. 


Compounds of Iodine and Nitrogen, 

§ 583. Iodine and nitrogen cannot bo made to unite directly; 
but if iodine be kept for a short time in a solution of ammonia in 



362 


IODIDE OP NITROOEN. 


water, the ammonia is decomposed ; its hydrogen unites with one 
portion of the iodine, and its nitrogen with another. The latter 
compound, or iodide of nitrogen^ is precipitated in the form of a 
deep brown powder. It evaporates spontaneously in the open air. 
Like the chloride of the same element it is highly explosive, either 
by heat or friction. It detonates violently almost as soon as it is 
dry, and slight pressure will produce the same effect even when 
moist. 

It consists, according to its analysis, of : — 

Iodine 96.4 3 Equivalents. 375 

Nitrogen 3.6 = 1 Equivalent. 14 

ioo.o ^9 


Formula, (3 I + N). 


§ 584. The advantages which the science of chemistry has 
derived from the discovery of the great law of definite and equivalent 
proportions cannot bo better illustrated than by the history of the 
two last elementary substances compared with that of chlorine. 
They are of but recent discovery ; and in a very few months after 
their announcement, they were placed upon the scale of equivalents 
with as much certainty as substances with which chemists had been 
acquainted from the first dawn of science. Chlorine had been 
the subject of doubt and controversy for a period of half a century 
before its nature was accurately determined ; and just views of 
it were not, in fact, established till confirmed by the strong analogies 
which iodine Riid bromine present. Such is the importance of this 
law, which has now been established by a sufficient number of in- 
stances, that we feel confident that, when one or two careful experi- 
ments shall have been made upon any new substance, which may 
hereafter occur, in order to determine its equivalent number, all the 
proportions in which it can enter into combination with all other 
known bodies will at once be known. This is a degree of know- 
ledge to which, without the law, the labours of a long life would be 
scarcely sufficient to attain : and it is possessed with a degree of 
clearness, which at once guides to experiment and corrects its 
results. 

The substance, however, which must next occupy our attention, 
as being connected by strong resemblance of constitution to the 
three last, is calculated to repress any undue feeling of exultation 
at the present, advanced position our science, which reflexions 
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like the preceding may be calculated to engender, for our present 
uncertain and hypothetical views concerning them have been deemed 
the reproach of chemistry. 


Fluorine. 

§ 586. Fluorine is the name of an elementary body which 
has not hitherto heen obtained, at least in satisfactory quantities, 
in an insulated state. Its powers of combination are supposed to 
be so exalted and so extensive, that no body has been found capable 
of resisting its energetic action. The evidence of its existence is 
derived chiefly from analogy. It exists in nature as a component 
part of a few minerals, one of which only is found in any abundance. 
It is well known in mining districts by the name of Jiuor spar. 

It is found crystallized ordinarily in cubes of various colours, — 
green, yellow, and purple ; and there is a beautiful compact variety 
which occurs in Derbyshire, which is worked into splendid orna- 
mental vases. 

§ 586. If this mineral be reduced to powder, mixed with 
twice its weight of strong sulphuric acid, and subjected to distilla- 
tion, a powerful and highly-corrosive liquid acid may be obtained. 
For this purpose a leaden or silver retort and receiver must be 
employed ; and while a moderate heat is applied to the former, the 
latter must bo kept cool by ice. The product must be preserved in 
leaden or silver bottles, upon which metals it has no action. It is 
extremely volatile, and not easily confined. In appearance it 
resembles oil of vitriol. Its specific gravity, when first prepared, is 
1.06; but is increased, by the gradual addition of ^ator, to 1.25. 
When dropped into vrater a hissing noise is produced, similar to 
that which is produced when red-hot iron is quenched in that liquid. 
It is necessary to be extremely cautious in experimenting with this 
substance, as its vapours are highly irritating, and when applied to 
the skin, even in small quantities, it disorganizes it so rapidly as to 
produce dangerous ulcers. In addition to the usual properties of a 
powerful acid, it possesses that of acting strongly upon glass, and 
corroding it deeply. 

§ 687. When this acid, in a state of purity, is brought into 
contact with potassium, a violent detonation takes place ; hydrogen 
gas is given off, and a solid white saline substance is formed. 
When lime is thrown into it, violent heat is generated, water is 
given off, and the same substance as fluor spar is produced. Hence, 
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it has been concluded that the acid is composed of hydrogen united 
to an elementary substance resembling chlorine, bromine, &c., and 
which has been called fluorine. In the first experiment fluoride of 
potasshm is formed and the hydrogen evolved, as in the analogous 
action of potassium upon dry muriatic acid gas : and in the second, 
fluoride of calcium (the metallic base of lime) is the result ; the 
hydrogen of the acid, and the oxygen of the base, forming water. 

§ 588. A strong argument in favour of this view of the con- 
stitution of hydro-fluoric acid is derived from the fiict, that anhydrous 
sulphuric acid does not act upon fluor spar. There being no water 
present to furnish oxygen to the calcium, and hydrogen to the 
fluorine, the hydro-fluoric acid cannot be formed. It is probably 
constituted of : — 

Hydrogen 5,26 = 1 Equivalent. 1 
Fluorine 94.74 = 1 „ 18 

YooToo Y9 


Formula, (F-f H). 


Sulphur. 

§ 589. Our next non-metallic clement, sulphur^ (commonly 
known by the name of brimstone^) is one of the few elementary sub- 
stances which occur in nature in their simple forms, and has been 
known from the earliest ages of the world. It is a mineral which 
is found in large quantities in the neighbourhood of volcanoes ; and, 
as an article of commerce, is chiefly impoiied from the Mediter- 
ranean. It is also extracted for use from some of its natural com- 
pounds. It is commonly met with in two forms ; that of a compact 
brittle solid, and a fine powder. It is of a light yellow colour, 
and wlien rubbed and molted emits a peculiar odour, but is tasteless. 
It is insoluble in water, and not very readily soluble in alcohol, but 
is taken up by spirits of turpentine. It has about double the weight 
of water, its specific gravity being 1.98. It is readily melted and 
volatilized ; softens at 105°, and begins to evaporate at 170°. At 
220° it becomes completely fluid ; but possesses the peculiar pro- 
perty of solidifying at a higher degree, or at 350°, and of again 
melting by a reduction of temperature. This is a striking instance 
of that di-morphism^ which we have before exemplified 126) in 
the form of its crystals. At temperatures above 350° it again 
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becomes perfectly liquid, and boils at 600°, forming an orange- 
coloured vapour, the density of which is about 6.6. 

At mean pressure and temperature, 100 cubic inches of this 
vapour would weigh 206 grains, being 96 times heavier than hydro- 
gen. It condenses in the form of a yellow powder, which is known 
by the name of flowers of sulphur. 

In its affinities and modes of combination, it stands intermediate 
between oxygen, "chlorine, and bromine, on the one hand, and 
hydrogen and carbon on the other, having strong analogies to both 
groups. Like the former, it enters into union with hydrogen and 
forms a hydro-acid ; and combines with the metals, forming a series 
completely parallel with the oxides and chlorides, which are called 
sulphurets ; and like the latter, it forms equally stable compounds 
with oxygen. 


Compounds of Sulphur and Hydrogen. 

§ 590. By repeatedly subliming sulphur in hydrogen, a com- 
bination between the two elements takes place without change of 
volume in the gas; and the product is properly called hydro- 
sulphuric acid^ but is generally known by the name of sulphuretted 
hydrogen. It may be produced in abundance, as we have already 
said (§ 531), by acting upon sulphuret of iron by dilute sulphuric 
acid. It is quickly absorbed by water ; but may be collected over 
that liquid warmed, in glass bottles fitted with glass stoppers which 
must be inserted the moment they are filled with the gas. 

It is colourless and transparent. Its smell is very foetid and 
offensive, and its taste is slightly acid. It reddens the blue colour 
of litmus. It is highly poisonous, and a mixture of -g^th in the 
atmosphere has proved^ fiital to a dog which was forced to breathe 
it. It is inflammable, and, like hydrogen, burns either silently or 
with explosion, according to the circumstances of its mixture witL 
oxygen. It instantly extinguishes alj burning bodies immersed into 
it. The gas has been liquified by a pressure amounting to 17 
atmospheres at 50°, and was colourless and very limpid. It exists 
in solution in some mineral waters. Water will take up about 
three times its bulk, and the solution possesses all the properties of 
the gas. 

When one volume of gaseous hydro-sulphuric acid is detonated 
with half its volume of oxygen, the sulphur is precipitated and 
water formed : but when mixed with one volume and a half of 
oxygen, water is formed, and one volume of a gaseous compound of 
sulphur and oxygen. 
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The gas, therefore, consists of: — 

Sulphui; 94.1 =: 1 Equiralent. 16 
Hydrogen 6.9 = 1 „ 1 

100.0 I 7 


Formula, (S + H). 

Chlorine, bromine, and iodine, instantly decompose the hydro- 
sulphuric acid, combining with its hydrogen and precipitating the 
sulphur : and the best way of forming solution of hydriodic acid is 
to pass sulphuretted hydrogen through water holding iodine in sus- 
pension. The oxides of the different metals mostly decompose it, 
and water, and variously-coloured sulphurets of the metals are the 
products. 

§ 591. A second combination of sulphur with hydrogen, 
of which the sulphur is double that of the last compound, may be 
formed by dropping a strong solution of mlphuret of potassium^ or 
calcium^ into dilute muriatic acid. A small quantity of sulphuretted 
hydrogen is given off, some sulphur is deposited, and an oil-like, 
adhesive, brown liquid falls to the bottom of the solution. It has a 
specific gravity of 1.769. Its smell and taste greatly resemble those 
of sulphuretted hydrogen. It burns with a blue flame, and has the 
property of combining with some bases in the manner of an acid. 
It has some properties which render it analogous to the peroxide of 
hydrogen (§ 490). It possesses like it considerable bleaching powers; 
its decomposition is effected by the mere contact of many substances, 
such as metals and metallic oxides. A strong effervescence from 
the escape of sulphuretted hydrogen is produced by peroxide of man- 
ganese, alkaline bases, and silica, and the oxide of silver is reduced 
with such energy as to become incandescent. The substances 
which occasion this decomposition at the same time undergo no 
change. It has been named bi-sulphuretted hydrogen. 

Formula, (2 S + H). 

Compounds of Sulphur and Oxygen, 

§ 692. When sulphur is burned in dry oxygen gas, the latter 
undergoes no change of volume ; but, at common temperatures and 
pressures, a colourless transparent gas is the product, which is dis- 
tinguished from all other elastic fluids by a suffocating pungent 
•odour well known as the smell of burning brimstone. It may be 
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obtained in abundance, and in a state of great purity by the action 
of strong sulphuric acid upon mercury. The mixture may be put 
into a retort and heated, but the product of the operation must be 
collected over mercury. It is called sulphurouB acid gas. 

It extinguishes all burning bodies when immersed in it, and 
cannot itself be burned. It is instantly fatal to animal life. It 
assumes the liquid form under a pressure not exceeding that of two 
atmospheres, or at the degree of cold produced by a mixture of 
pounded ice and salt. It is then very limpid, and its refractive power 
is nearly equal to that of water. It first reddens blue vegetable 
colours, and afterwards destroys them. Its bleaching powers are 
considerable, and the vapour of burning sulphur is employed in 
whitening silk and straw-work. 

One hundred cubic inches of oxygen just double their weight in 
combining in this way with sulphur, so that sulphurous acid is com- 
posed of : — 

Sulphur 50 = 1 Equivalent. 16 
Oxygen 50 = 2 Equivalents. 16 

Imo. ^ 

Water at 60° dissolves about thirty-three times its bulk of this gas; 
and the solution possesses its peculiar odour and taste, which is 
astringent. 

Formula, (S-f 2 0). 

§ 593. A mixture of sulphurous acid and oxygen gases may 
be kept for any length of time without showing any disposition to 
combine, provided they bo quite free from moisture. But if water 
be present, the sulphurous acid will gradually unite to a further 
proportion of oxygen ; and the compound, which is sulphuric acidy 
will be taken up by the water. A solution of sulphurous acid also 
undergoes the same change by exposui^e to the air. 

By boiling sulphur in nitric acid it may also be oxigenated to 
the utmost, and sulphuric acid formed. It is an article of very con- 
siderable importance, and largely employed in the arts. 

By distilling at a high heat the salt Which is commonly known 
by the name of green mtriol^ which is a compound of sulphuric acid 
and protoxide of iron, the water of crystallization is first driven off, 
and a dense, oily; colourless liquid may be afterwards collected; 
which emits white vapours on exposure to the air. If this liquid 
be again distilled at a lower temperature, into a receiver kept cool 
by ice, a transparent colourless vapour will pass over, and concrete 
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of the teacttire of Bsbestus or flocks of silk. It is ^ 
ets»tic,14qtdfieB at a temperature of about 66® Fahrenheit, 
$M boils betwe^i 110® i^tn4 IM®. It has a strong attraction for 
takee it from the atmosphere. This solid body is pure 
imlphurio acid, and tho residue in the retort will be 
eoimason^oitbf^dtri^ or ^^t^*siflphuric acid. When the former is 
pMssed Wiwmgh a red-hot porcelain tube, it is resolved into one 
vointtie of oxygen gas and two of sulphurous acid. 

§ 594. The difference betw een the forces of chemical aflinity 
and mere adhesion cannot be more strikingly exemplified, perhaps, 
than by the relations of this acid to water. The combination of the 
first equivalents so comjiletely alters their nature as that two volatile 
substances become comparatively fixed ; but any further addition of 
water only produces the cSmmoii effects of mixture and dilution. 

§ 595. The aquco-sulphuric acid is also extensively manufac- 
tured by burning a mixture of about 8 parts of sulphur and 1 of 
nitre in a properly constructed furnace, with a strong draft of air, 
and receiving the products of tho combustion into large leaden 
chambers, the bottoms of which arc covered with water. Tho 
water becomes gradually acidulated, and the concentrated acid is 
obtained by subsequent evaporation of the solution. The process 
is extremely interesting. 

The sulphur by burning in the atmospheric air forms sulphu- 
rous acid, and the nitre gives rise to the formation of deutoxide of 
nitrogen, which, with the oxygen of another portion of the air, 
produces nitrous acid gas. Now when those two acids are perfectly 
dry, they mix without any further action upon each other ; but with 
a small quantity of moisture they form a colourless, transparent, 
crystalline compound which is instantly decomposed by the further 
addition of water. But the products of the decomposition are 
sulphuric acid, which remains in solution, and deutoxide of nitrogen, 
which rises in the gaseous state. One equivalent of nitrous acid 
thus transfers two equivalents of oxygen to two equivalents of sul- 
phurous acid, and converts them into two equivalents of sulphuric 
acid. The deutoxide b/4&e action of the air again affords nitrous 
acid, which plays the same part as before with fresh portions of the 
burning sulphur (136). 


(136) The compositions and decompositions of this process present 
a beautiful illustration of equivalent proportions, and of the play of 
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§ 596. The aqueo-sulphuric acid^ or oil of vitriol, is a colour- 
less oily liquid, of a specific gravity, when most concentrated, of 
1.85, at which density it contains about 81 per cent, of real acid. 
It boils at 620'’, and freezes at 15® ; but if diluted with water, so as 
to have a specific gravity of 1.78, it crystallizes at 32°, and remains 
solid even to the temperature of 45®. It rapidly attracts moisture 
from the air. It is acrid, corrosive, and intensely sour, and its 
affinities are amongst the most powerful with which chemists are 
acquainted. It decomposes animal and vegetable substances rapidly 
from its strong attraction for water, the elements of which it 
abstracts from organic compounds, and disengages their carbon. 
The constitution of sulphuric acid is as follows : — 

Sulphur 40 = I Equivalent. 16 

Oxygen 60 == 3 Equivalents. 24 

100 

Formula, (S4-3 0). 

(‘loctivc affinity. The following diagram represents the constitution of 
the several bodies concerned in the action : — 

(N + 40). 


+ 


2 (S + 30). 


+ 


(N + 20). 


- 

Oxygen. 

^ itrogen. 

i 

Oxygon. 





Oxygon. 





870 HYPO- SULPHUROUS ACID. 

The composition of the aqiieous-acid, specific gravity, 1.85: is, — 

Anhydrous sulphuric acid 81.63 = 1 Equivalent. 40 
Water ....... 18.37 = 1 „ 

100.00 49 

Formula, (S+3 0) -f H + O. 

The equivalent combining number of sulphuric acid is, therefore, 
40 ; which exactly agrees with the constitution of its salts. 

§ 597. Besides these two principal compounds of sulphur 
and oxygen, there are two other acids; the first of which, in equiva- 
lent composition, is below the sulphurous, and is called the hypo- 
sulphurous; and the second is between the sulphurous and the 
sulphuric, and is called the hypo-sulphuric acid. 

§ 598. When iron or zinc filings arc tligcsted in a solution 
of sulphurous acid, they arc taken up without any ofiervesccnce, and 
peculiar, crystallizable, salts arc produced, which, when treated \vith 
any of the stronger acids, evolve sulphurous acid, and de])Osit sul- 
phur. Now, as no acid can dissolve a metal without previously 
converting it into an oxide, by tlic deconqiosition of water or by its 
own decomposition, it is clear that in this process the metal must 
take oxygen from the- suljdiurous acid, and the base so formed 
combines with an acid in which the oxygen must exist in less 
proportion. The hypo-sulphurous acid cannot, however, be exhi- 
bited in the separate form; for at the moment of (juitting the base 
with which it was united, it is resolved into sulphurous acid and 
sulphur. In this property it resembles the hypo-nitrous acid. The 
same series of salts may be formed by digesting sulphur in solutions 
of any of the sulphites, or by directing a current of sulphurous acid 
into solutions of the hydro-sulphurets. Although the simple equi- 
valent proportions of this acid are 1 of sulphur and 1 of oxygen, it 
appears from the analysis of its salts that its number is double the 
amount thus indicated, and that it must be considered as a com- 
pound of : — 


Sulphur 66.67 = 2 Equivalents. 32 
Oxygen 33.33 = 2 „ 16 

100.00 48 


Formula, (2 S -h 2 O). 
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§ 599. The hypo-sulphites ai*e distinguished as a class by 
dissolving fresh-precipitated chloride of silver, and forming with it 
a compound of an intensely sweet taste. 

§ 600. By passing sulphurous acid into water, in which 
finely-divided per-oxide of manganese is suspended by agitation, the 
peroxide yields part of its oxygen to the acid, and converts one 
j3ortion into sulphuric acid and another into the hypo^sulphuric. 
To the liquid, after it has been filtered, a solution of pure baryta is 
added in slight excess, which precipitates the protoxide of manganese 
which was combined with the two acids, and forms an insoluble 
sulphate of baryta with the sulphuric, and a soluble hypo-sulphate 
with the hypo-sulphuric acid. The hypo-sulphate is then again decom- 
posed by a quantity of sulphuric acid exactly sufficient to precipitate 
the baryta, and the hypo -sulphuric acid remains in solution. It 
may be concentrated by exposure to the action of sulphuric acid 
under the exhausted receiver of the air-pump, to the specific gravity 
of 1 .347 ; but if an attempt be made to condense it further, it is 
decomposed ; sulphurous acid escapes, and sulphuric acid is left in 
solution. This change is still more readily effected by heat. The 
composition of the hypo-sulphuric acid is : — 

Sulphur 44.44 2 Equivalents. 32 

Oxygen 55.56 5 „ 40 

100.00 


And 72 is its combining number. 

Formula, (2 S -f 5 O) . 

Compound of ^tdpJmr and Carbon, 

§ 601. By bringing the vapour of sulphur in contact with 
charcoal at a red heat, and collecting the products in a cooled 
receiver, a bi-sulpJmret of carbon may be obtained in the form of a 
colourless, transparent, liquid, of the specific gravity of 1.272. Its 
taste is acrid, pungent, and somewhat aromatic ; its odour, foetid and 
nauseous in the highest degree. It is very volatile, and boils at 
common atmospheric pressure, at a temperature not exceeding 110® 
Fahrenheit. It has never been congealed by the lowest artificial 
temperature. It is highly inflammable, and it burns with a blue 
flame, emitting copious fumes of sulphurous acid. No moisture is 
deposited upon cold surfaces during its combustion, proving that 
hydrogen does not enter into its composition. It mixes readily with 

2 B 2 



372 


CHLORIDK OF SULPHUR. 


alcohol and ether, but not with water : the latter precipitates it 
from either of the former mixtures. It is composed, according to 
the results of its analysis, of : — 

Sulphur 84.21 = 2 Equivalents. #32 
Carbon 15.7^1 = 1 Equivalent. 6 

looioo ”38 


Formula, (2S-|-C). 

Compound of Sulphur and Chlorine, 

§ 602. Sulphur may be united directly with cddorine by 
passing a current of the gas over it, in a ^tato of minute division 
and at a gentle heat. Ten grains of the flowers of sulphur will 
thus take up 30 cubic inches of gas, which is nearly in the proportion 
of single equivalents of the two bodies. Chloride of sulphur is a 
volatile liquid, of reddish colour by reflected light, but yellowish 
green by transmitted light. It emits fumes which affect the eyes, 
rises in vapour at a temperature below 200°, and boils at 280°. Its 
specific gravity is 1.6. It does not redden the colour of perfectly 
dry litmus, but when agitated with water, a great disengagement of 
heat takes place, sulphur is precipitated, and the liquid is found to 
consist of a mixture of muriatic, sulphurous, and sulphuric acids. 
It acts strongly u])on mercury; the surface of the metal is instantly 
tarnished, great heat is evolved, and a gray powder is the result, 
which is a mixture of proto-chloride of mercury and sulphur. 

Formula, (S4.O). 

Heleuiim, 

§. 60S. A new and rare elementary substance has very 
recently been detected in the refuse of an oil-of- vitriol manufactory 
in Sweden, wliich in'all its compositions runs as j)arallel with sul- 
phur as iodine and bromine do with chlorine. It owes its origin to 
the iron pyrites, (or native compound of iron and sulphur,) which 
are employed in the works, and which contain* a mixture, in 
very minute proportions, of a similar compound of selenium and 
iron. 

Selenium at common temperatures is a brittle solid, of a brown 
colour and metallic lustre ; it has neither taste nor odour. When 
pounded the particles stick together, and in powder it has a deep 
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red colour. It melts at a few degrees above the boiling-point of 
water, and when warm is very ductile, and may be drawn into 
threads, which are red by transmitted, but gray by reflected light. 
It boils at a temperature of about 600° Fahrenheit, and condenses 
either in opaque, metallic-looking, drops, or, when large receivers 
are used, in flowers of the colour of cinnabar. Its vapour has a 
deep-yellow colour. It is insoluble in water, and undergoes no 
change by mere exposure to air. Its specific gravity is 4.3. It is a 
non-conductor of electricity, and a bad conductor of heat. When 
heated before the blow-pipe it tinges the flame of a light-blue 
colour, and exhales an odour of decayed horse-radish. 


Combinations of Selenium and Oxygen, 

§ 604. The mode of its extraction from the refuse which we 
have mentioned will make us acquainted with one of its combina- 
tions. By treating the mixture, which contains much sulphur, with 
nitric acid, both the sulphur and the selenium are acidified ; sul- 
phurous acid and selenious acid are formed. The former reacts upon 
the latter, takes its oxygen from it, and the selenium sublimes. 

When selenium alone is subjected to the action of nitric acid, 
and the solution evaporated so as to expel the excess of that acid, a 
white saline matter remains which may be sublimed by raising the 
temperature; the colour of the vapour closely resembling that of 
chlorine. The selenious acid crystallizes in needles in the colder 
part of the apparatus. Selenious acid has a sour and slightly 
burning taste, and is very soluble both in water and alcohol. It is 
readily decomposed by all substances which have a strong attraction 
for oxygen, and the selenium may be precipitated from its solution 
by metallic zinc and iron. It may be considered as a compound 
of : — 

Selenium 71*43 = 1 Equivalent. 40 
Oxygen 28.57 = 2 Equivalents. 16 

l6(im ’ 


Formula, (S“^-f 2 0). 

Which makes its equivalent 56, in which proportion it enters into 
combination with the different bases. 

§ 606. As the selenious acid exactly resembles the sulphurous 
in constitution, so the selenic acid is exactly analogous to the 
sulphuric. The process for obtaining it is circuitous. Selenious 
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acid must be neutralized 'with soda, and the temlpmg slilt^ iused 
with about its own weight of nitrate of potassa, or soda, bjr projeot- 
ing it in successive portions into a red-^hot crucible.. The Belenious 
acid thus takes another equivalent of oxygen, and a combination, of 
selenic acid and soda is the result. The fiiSed mass -is then acted 
upon by a hot mixture of nitric acid and water, ai^ the solution 
made to boil briskly ; when anhydrous selepiate of soda is deposited* 
The hot liquid decanted from the salt deposits crystals of thp e^^cess 
of nitrate upon cooling. On renewing the ebullition fresh portions 
of the seleniate are procured; and the process is renewed till the whole 
is separated. This process is founded upon the fact that seleniate of 
soda, like the sulphate of the same base, is more soluble in water of 
about 90°, than at higher or lower temperatures. The nitrite of 
the base which is formed by the decomposition of the nitrate is pur- 
posely reconverted into a nitrate by the addition of the nitric acid. 

§ 606. To procure the acid in a free state, a solution of the 
seleniate is decomposed by nitrate of lead. The seleniate of lead 
which is formed is perfectly insoluble, like the sulphate, and after 
being well washed, is suspended in water, and exposed to a current 
of sulphuretted hydrogen which precipitates all the lead but does 
not decomposie the selenic acid. The excess of sulphuretted hydro- 
gen is driven off by heat, and the filtered liquid consists of a dilute 
solution of selenic acid in water. 

When concentrated, selenic acid is a colourless liquid, which 
may be heated to 536° without decomposition ; but above that tem- 
perature, it is resolved into selenious acid and oxygen. Its specific 
gravity, at the highest, is about 2.6. The affinity of selenic acid 
for bases is little inferior to that of the sulphuric acid. It consists 
of: — 

Selenium 62.5 =r 1 Equivalent. 40 

Oxygen 37*5 3 Equivalents. 24 

100.0 ^ 

Formula, (8*“ -f 3 O). 

Compound of Selenium and Hydrogen, 

§ 607. To establish completely the remarkable analogy 
between selenium and sulphur, we shall describe one more of 
the compounds of this rare substance ; namely, that which it forms 
with hydrogen. It may be obtained by acting upon selenuret of 
potamum (formed by fusing together potassium and selenium) wdth 
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;dilW add* A is thus formed, which maybe coir 

laeted^iuihe si^meS^ay as sulph\iretted hydrogen. 

In- odour, these two ^ases a good deal resemble each other. It 
may he called k;fdrp*Belenic doid^ or selenv/retted hydrogen. It is 
absorbed by Water with which it forms a colourless solution. It 
reddens litim^ paper, and stains the epidermis brown. It is gra- 
dually, but completely, decomposed by contact with the air, and the 
selenium deposited in a red precipitate. It throws down all 
metallic solutions in the form of selenurets. This gas produces 
violent effects upon the organs of respiration, and a sharp and pain- 
ful sensation in the nose which is followed by a temporary loss of 
the sense of smelling. According to its analysis it is composed of 

Selenium 97*56 = 1 Equivalent. 40 
Hydrogen 2.44 „ 1 

100.00 41 


Formula, H). 

Phosphorus. 

§ 608. The next element which we shall describe is a very 
remarkable substance, and has never been found in nature in its 
simple form: but in combination with oxygen and lime, it is a 
product chiefly of the animal kingdom. It is a combustible to 
which wo have already frequently referred by the name of phos- 
phorus. It differs not more from the other combustibles which we 
have hitherto examined in its peculiar properties, than in its modes 
of combination. 

It may be prepared by calcining bones in an open fire, to burn 
off and dissipate all the volatile ingredients, reducing their earthy 
residue to a fine powder, and digesting them for two or three days 
in half their weight of sulphuric acid, adding as much water as 
may give the mixture the consistence’of a thin paste. At the expi- 
ration of the time, twice the bulk of boiling water must be stirred 
up with it, and the liquid separated by filtration. In this operation 
the sulphuric acid displaces phosphoric acid from the lime with 
which it is combined in the bone earth, and it may be concen- 
trated by evaporation to the consistence of a thick syrup. It must 
then be mixed with one-fourth its weight of charcoal in powder, 
and strongly hefeted in an earthen-ware retort, the beak of which 
must be plunged under water. The heat must be very slowly raised 
till it becomes very intense. A large quantity of gas will escape 
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during the process, and spontaneously inflame upon passing through 
the water into the air ; and the phosphorus will distil over in drops 
and congeal in the water. In this process the phosphoric acid is 
deoxydated by the charcoal, which at a high temperature has a 
stronger affinity for the oxygen than the phosphorus (137). 

§ 609. As thus obtained it is a soft solid of a flesh-red 
colour; but when purified by fusion under a warm solution of 
ammonia, and a second time under alcohol, it is perfectly colour- 
less and transparent. It may bo obtained in octohedral crystals 
from its solution in naphtha, or sulpliuret of phosphorus. Its 
specific gravity is 1.77. It is highly inflammable and takes fire by 
slight friction, and it is necessary to preserve it under water in 
well-closed bottles. It may easily be cut with a knife. When air is 
carefully excluded, or under water, it melts at about 105°, and boils 
at 550°: 100 cubic inches of its vapour weigh 135 grains. It is 
tasteless and insoluble in water, but proves highly poisonous when 
taken into the stomach. 

§ 610. In the atmosplfere, phosphorus emits a light smoke 
and peculiar smell, not unlike that of garlic : the smoke shines in 
the dark with a pale-greenish and very beautiful light. This is 
owing to a slow combustion, or combination with oxygen, and if a 
stick of phosphorus be confined under a jar full of common air over 



(137) The apparatus for the pre- 
paration of phosphorus is here delineated. 
The mixed phosphorous acid and charcoal 
is placed in retort, which is properly 
adjusted in the furnace, 6. The neck of 
the retort dips under the water in the 
basin, c. 
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water, the whole of the oxygen will gradually be absorbed and the 
nitrogen remain, and then its light will be extinguished. 

It is remarkable that phosphorus does not shine in perfectly 
pure oxygen till heated to 80°, near which point it bursts into 
dame ; and no absorption takes place under this temperature : but 
if the elasticity of the gas be decreased to about one-eighth or one- 
tenth of that of the usual elasticity of the air, the slow combustion 
with the evolution of the glow will take place. If the density of 
the oxygen be reduced to the same amount by mixture with 
hydrogen, nitrogen, or carbonic acid, the same phenomena will bo 
produced. Some caution should be used in exposing this highly 
inflammable substance to the air, as the heat which is evolved 
during this slow combustion sometimes accumulates to a sufficient 
degree to cause the whole to burst into flame. Pieces of phosphorus 
placed upon cotton or charcoal, or other bad conductors of heat, 
will almost always accumulate heat enough for this pui*pose. 

§ 611. Phosphorus combines with many of the metals, 
forming with them metallic phosphurets. They may be obtained 
by heating the two substances together ; and sometimes by passing a 
compound of phosphorus and hydrogen into solutions of the oxides. 
Pliosphuretted hydrogen, however, by no means acts with the same 
certainty as the difierent hydro-acids which we have examined ; in 
most cases the metal is merely reduced. Phosphorus alone will, 
indeed, reduce those metals which have but a feeble attraction for 
oxygen, and a stick of phosphorus introduced into solutions of gold, 
silver, or platinum, will become coated by the respc8tivo metals. 

It is not known that the phosphurets enter into secondary com- 
bination, and they do not possess much interest. 

Compotmds of Phosphorus and Oxygen, 

§ 612. The product of the slow combustion of phosphorus 
which has just been described, is an acid liquid ; and a mixture of 
phosphorous and phosphoric acids. No good process is, however, 
known, by which they may be separated from this liquid. 

Phosphorous acid^ in combination with water, may be obtained 
by passing a current of chlorine through phosphorus fused under 
hot water ; a chloride of phosphorus is thus formed, whioh is imme- 
diately resolved into muriatic acid and phosphorous acid by the 
decomposition of the water ; the former may be expdled by 
evaporation, and the latter will remain. It is a crystallizable com- 
pound, of a sour taste and very soluble in water. By heat it is 
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resolved into a compound of phosphorus and hydrogen, which 
escapes, and phosphoric acid which is fixed. It may be obtained 
in the anhydrous state in small quantities, by burning phosphorus 
in a long tube with a very limited access of air. In this case it 
sublimes in the form of a white volatile powder, which rapidly 
absorbs moisture from the air. It is composed of : — 

Phosphorus 57*14 1 Equivalent. 16 

Oxygen . 42.86 = H Equivalents. 12 

100.00 28 


Formula, (2 P-l-3 0). 

And 28 constitutes the equivalent in which it enters into secondary 
combination with the bases, and constitutes the class of salts which 
are denominated phosphites, 

§ 613. An acid of inferior degree of oxygenization may be 
formed by acting upon water by phosphuret of barium. Hydrogen 
in combination with phosphorus makes its escape, and a solution 
of the hypo-phosphorous acid in combination with baryta, remains, 
from which the base may bo precipitated by the cautious addition 
of sulphuric acid. When the clear filtered liquor has been concen- 
trated by evaporation, it contitutes a sour viscid liquid which is 
incapable of crystallization, and rapidly attracts oxygen. It 
consists of : — 

• Phosphorus 80 = 2 Equivalents. 32 
Oxygen . 20 = 1 Equivalent. 8 

Formula, (2 P -f O). 

§ 614. When phosphorus is burned in the open air, it 
generally leaves a red insoluble residue, which is a compound of 
phosphorus with still less oxygen than the preceding, and is an 
oa:ide of phosphorus. It may be formed in greater abundance by 
directing a small stream of oxygen upon phosphorus, kept melted 
under boiling water. The acids which are formed at the same time 
are retained in solution, while the red oxide floats in the liquid. 
When dried, it must be exposed to heat in a retort, to drive off any 
uncombined phosphorus, and afterwards washed and dried. It 
possesses neither odour nor taste. It is heavier than water, and 
insoluble in that liquid and in alcohol, ether and oils. It does not 
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inflame till exposed to a temperature approaching to redness, when 
it burns into phosphoric acid. The results of its analysis prove it 
to be a compound of : — 

Phosphorus 85.78 = 3 Equivalents. 48 
Oxygen , 14.22 = 1 Equivalent. 8 

100.00 56 

Formula, (3 P + 0). 

§ 615. Phosphoric acid^ or phosphorus at its maximum degree 
of oxidation, may be obtained from the impure acid, the extraction 
of which from bones has been already described (§ 608), by boiling it 
with carbonate of ammonia in excess. The liquid after filtration is 
to be evaporated to dryness, and then ignited in a platinum crucible ; 
by which ammonia, and other volatile matters are driven off. 

It may also be formed by the action of nitric acid on phosphorus. 
For this purpose, small fragments must be very cautiously dropped 
into the acid, gently heated in a retort. The action is very violent, 
and a large quantity of deutoxide of nitrogen is disengaged. A 
small quantity of ammonia is at the same time produced by the 
decomposition of water, which may be expelled by evaporating the 
liquid to the consistence of a syrup, and afterwards exposing it in 
a platinum crucible to a dull red heat. 

In both these processes, the acid is obtained in combination with 
water, which it retains even at a red heat, and with which at a 
high temperature it may be sublimed. This aqueous acid some- 
times goes by the name of glacial phosphoric acid, 

§ 616. The white matter which is formed during the inflam- 
mation of phosphorus in oxygen gas, or common air, and which falls 
like flakes of snow, is pure anhydrous phosphoric acid. Its consti- 
tution according to its most accurate analysis, is: — 

Phosphorus 44.44 = 1 Equivalent. 16 
Oxygen . 55.56 =: 2^ Equivalents. 20 

100.^ 36 

Formula, (2 P + 5 O). 

And the glacial phosphoric acid consists of ; — 

Phosphoric acid 80 = 1 Equivalent. 36 
Water ... 20 = 1 „ 20 

loo 


Formula, (2 P + 5 O) + H + O. 
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It very speedily deliquesces in the air into an intensely sour 
liquid of the specific gravity 2. It does not corrode animal and 
vegetable substances. The solution is not volatile, nor is it capable 
of being docomj>osed by heat alone. It emits no odour when 
heated. 


§ 617. This acid undergoes certain changes in the ultimate 
arrangement of its constituent particles, without alteration of their 
equivalent proportions, by particular treatment with heat and with 
M’ater. These modifications are chiefly distinguished in the com- 
position of its salts. 

When phosphoric acid, or any of its salts, hav^e been exposed to 
a heat of 415°, it is recognised by precipitating nitrate of silver of a 
white colour ; and the acid in this state has been distinguished by 
the name of the pyro-phosphoric acid. AVhen it has not been ex- 
posed to such a temperature, or wdien after having been so exposed 
it, or its salts, is dissolved in water and boiled, it produces a yellow 
precipitate with nitrate of silver, and then goes by the name of 
phosphoric acid. 

§ 618. The acid, again, which is obtained by heating to 
redness a concentrated solution of either phosphoric or pyro- 
phosphoric acids is in a third state, and called meta-pho^dioric acid. 
It is distinguished by precipitating oxides of silver in gelatinous 
flakes of a gray colour. The phosphoric and the pyro-phosphoric 
acids, on the one hand, are both converted into m eta-phosphoric by 
exposure to a red heat, and on the other, the aqueous solutions of 
the meta-phosphoric and the pyro-phosphoric acids readily pass into 
phosphoric, by boiling their aqueous solutions. 

§ 619. The acid in these its three states, is distinguished by 
a tendency to unite with bases in different proportions, and when 
not in saline combination is supposed to be constituted of anhydrous 
acid with corresponding equivalents of water. Thus : — 

(P-l-2^ 0) = Anhydrous phosphoric acid. 

(P-p2i O) + li (H-f O) = Hydro-phosphoric acid. 

(P+2iO) + (H + 0) =r Pyro-phosphoric acid. 

2 (P + 2i 0) -f- (H + 0) = Meta-phosphoric acid. 

If we view the water in these compounds in the light of a base, 
then when any of them is treated with a stronger base, the whole, 
or a part, of the water is displaced, but in such a way that the 
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total amount of base in combination with the anhydrous acid, may 
be regarded as remaining the same. 

Thus, the series of multiples of w^ater in the varieties of the phos- 
phoric acid are, 1^, 1, while the series of multiples of oxygen 
which constitutes the acids of phosphorus, are i, 1^, 2^. To avoid 
the appearance of the half equivalent, the equivalent of phosphorus 
may be doubled, and the same series of the equivalents of oxygen 
becomes 1, 3, 5 ; but the compound equivalents, hence resulting, do 
not agree with the constitution of the salts in secondary combination. 
The same series is maintained in its other primary combinations, 
where more than one is known with the same element. 

Compounds of Phosphorus and Hydrogen* 

§ 620. The examination of the compounds of phosphorus and 
hydrogen, and, it may indeed be said, of all the compounds of phos- 
])horus, is attended with considerable difficulty. We have already 
stated that when aqueo-])lio8phorous acid is heated, a gaseous com- 
pound of ])hosj)horus and hydrogen is given off. It is transparent and 
colourless, and of an excessively offensive odour and bitter taste. 
Water absorbs one-eighth of its volume; but it is much more 
freely taken up by solutions of sulphate of copper and chloride of 
calcium. It has no acid reaction upon vegetable colours ; but like 
sulpliuretted hydrogen decomposes some metallic salts with the 
formation of phosphurcts of the metals. It is very poisonous, and 
will not support combustion, AVlien pure, it may be mixed with 
common air, or oxygen, without danger, but the mixture explodes 
with the electric spark, or at a temperature of 300°. Diminishing 
the pressure will also cause it to explode, as by raising the jar upon 
the mercurial bath so that the mercury in tlic interior may be 
lifted about an inch or two, 

§ 621. Phosphurebted hydrogen is also formed by the decom- 
position of water on boiling phosphorus in a strong solution of 
])otassa in a small retort ; and again by the action of phospdiuret 
of calcium upon water. The product of' these processes is, how- 
ever, distinguished by being spontaneously inflammable in common 
air, or oxygen ; a i)roperty which the gas loses by being kept over 
water, lilacli bubble, as it reaches the surfa(^e of the water, 
bursts into flame, and forms a ring of white smoke composed of 
jdiosphoric acid, which is very beautiful in a still atmosphere. The 
two gases are essentially the same in composition ; but in the lattoi* 
state it is probable that it contains a very small proportion of 
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another compound of hydrogen and phosphorus, which is the spon- 
taneously inflammable ingredient, and causes the combustion of the 
whole. Phosphuretted hydrogen is probably composed of three 
voluines of hydrogen, united to one-fourth of a volume of phos- 
phorus in vapour, condensed into two. According to its analysis it 
contains by weight : — 

Phosphorus 91.43 = 2 Equivalents. 32 
Hydrogen . 8.57 = 3 „ 3 

100.00 ^ 

Formula, (2PH-3H). 

§ 622. Possessing neither acid nor alkaline properties very 
decidedly, phosphuretted hydrogen bears some analogy on one hand 
to the hydro-acids, as we have stated with regard to its action upon 
the solution of metallic oxides (§ 611), and on the other hand to 
ammonia. It unites with hydro-bromic acid, hydro-iodic acids, and 
forms with them definite compounds which crystallize in cubes. 

Combination of Phosphorus and Chlorine, 

§ 623. By passing the vapour of phosphorus over bi-cliloride 
of mercury heated in a glass tube, a volatile liquid is obtained, 
which is a sesqui-chloride of phosphorus. It is transparent and 
colourless; of the specific gravity of 1.45. It does not affect the 
colour of dry litmus, but the fumes which it gives off in abundance 
are acid, owing to contact with the moisture of the air. It acts 
energetically upon water; the hydrogen combining with the chlorine 
to constitute muriatic acid and the oxygen with the phosphorus, by 
which phosphorous acid is generated. It consists of : — 

Phosphorus 22.5 = 1 Equivalent. 16 
Chlorine . 77«o = li Equivalents. 54 

100.0 ^ 

Formula, (2 P+3 C^). 

§ 624. When phosphorus is introduced into chlorine, it 
spontaneously inflames, and burns with a pale flame, and another 
compound is formed, which is a per-chloride of phosphorus. The 
product is a white solid which condenses upon the cool parts of the 
containing vessel. It is volatile at a temperature below 212°, but 
may be fused under pressure, and crystallizes on cooling. It acts 
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with violence upon water, forming with its elements muriatic and 
phosphoric acids. One grain of phosphorus combines in this way 
with six of chlorine, which is in the proportion of 16 : 90. Or : — 

Phosphorus 15.1 = 1 Equivalent. 16 
Chlorine . 84.9 = 2^ Equivalents. 90 

100.0 106 


Formula, (2 P + 5 C^. 

Compound of Phosphorus and Nitrogen. 

§ 625. When either of the chlorides of phosphorus are made 
to act upon dry ammonia, a white solid mass is obtained which 
gives off* muriatic acid, and excess of ammonia, at a strong red heat ; 
and leaves behind, out of the contact of air, a white substance, 
which is a compound of phosphorus and nitrogen. When preserved 
from the agency of air and moisture, it is perfectly fixed and infu- 
sible at a red heat, and it is remarkably indifferent to the strongest 
reagents. Concentrated nitric acid very slowly converts a portion 
of it into phosphoric acid, and concentrated oil of vitriol as slowly 
effects the same change with the evolution of sulphurous acid. 
AVhen fused with caustic potassa, ammonia is given off, and phos- 
phate of potassa remains. Dry hydrogen at a red heat decomposes 
it with the formation of ammonia, and phosphorus distils off. 
There is no trace of the formation of water during the action. 
Phosphuret of nitrogen consists of: — 

Phosphorus 53.2 = I Equivalent. 16 

Nitrogen . 46.8 =1 „ 14 

100.0 "io 


Formula, (P+N). 

This substance is a remarkable instance of the production of a 
fixed substance by the combination of highly volatile principles, and 
presents a curious contrast to the detonating and easily decom- 
posable compounds of chlorine and iodine with the same element. 

Silicon. 

§ 626. To complete this general view of the non-metallic 
elements, it only remains that we describe the properties, and a few 
of the combinations, of silicon and boron; two undecompounded 
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substances, which differ very materially from all the preceding, but 
are connected together by the strongest resemblances. Like carbon, 
they are known only in the solid state, and are perfectly fixed at 
the strongest heat ; the ojily effect of which upon them, is to render 
them harder. 

§ 627. Although silicon in combination with oxygen is one 
of the most abundant substances in nature, so much so as to entitle 
it to bo considered the basis of the mineral kingdom, as charcoal is 
of the vegetable and animal, its insulation is only of very recent 
date. 

lly heating a mixture of fluor-spar and silica, or flint, with 
strong sulphuric acid, at a moderate heat, an acid gas is obtained, 
which, by being passed into a solution of potassa, combines with it, 
and forms a salt, which must be separated by evaporation, and 
afterwards heated nearly to redness. By mixing this salt with 
about eight times its weight of potassium, and heating it in a green 
glass or iron tube, a decom})ositioii takes place, accoin])anied by 
a feeble detonation before the mixture becomes red-hot. Wlieii 
the mass has become cold, all the soluble ])arts may be removed by 
washing, and silicon will remain. It will be in the form of a solid, 
in a disintegrated state, of a dark-brown colour, and without metallic 
lustre. It does not conduct electricity, and, when first i)rc})avcd, is 
combustible both in common air and in oxygon gas. It is not 
acted upon by the suljdiuric or nitric acids, even when assisted by 
Iieat. AVhen it has been exposed to a high temperature it becomes 
very hard, and will not burn even in oxygen gas. 

Combination o f Silicon und O.cn^en, 

§ 628. To oxidate silicon comjdetely, it may be mixed with 
dry carbonate of potassa, and heated to redness; it then burns 
vividly at the expense of the carbonic acid ; carbonic oxide is dis- 
engaged, and some carbon deposited. In tins process silicon com- 
bines with its own weight of oxygen, and forms silica^ or pure flinty 
which, upon the su|)position of its being a protoxide, is composed 
of : — 

Silicon 50 = 1 Equivalent. 8 
Oxygen 50 = 1 „ 8 

100 10 
Formula, (S" -f O) ; 

and the ojjui valent of silicon is tlic same as that of oxygen. 
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§ 629. Silica is found in a state of purity in the form of 
rock-crystal, which is perfectly cotourless and transparent. It may 
also be obtained by calcining common flints, quenching them in 
water, and then reducing them to powder. In this state they must 
be mixed with four or five times their weight of carbonate of potassa, 
and fused in a crucible at a strong red heat. The compound may 
be dissolved, when cold, in water, and the alkaline solution dropped 
gradually into dilute muriatic acid. The muriatic acid combines 
with the potassa, and the silica is separated in the form of a white 
translucent jelly. This is, in fact, a hydrate of silica. If the whole 
be evaporated to dryness, and the saline matter be washed off from 
the fused mass, pure silica will remain. It is a perfectly white, 
tasteless, powder, which feels harsh between the fingers. Its specific 
gravity is 2.6. It is insoluble in water and in every acid, except 
the hydro-fluoric. When first precipitated, it is taken up by solu- 
tions of potassa and soda, but not by the volatile alkali. It is 
perfectly infusible by all ordinary means, but is said to have been 
melted in the oxy-hydrogen blow-pipe. It ranks with the oxy- 
acids, from its combining with the fixed alkalies. 

Compound of Silicon and Chlorine. 

§ G30. When silicon is heated in a current of chlorine, it 
ignites and forms a compound, which is rapidly volatilized. The 
product of the combustion condenses into a liquid, which is colour- 
less when pure, but is generally yellow from a portion of chlorine 
mixed witll^iJI; It may also be produced by the joint action of 
chlorine and carbon upon silica; and the process affords a good 
example of the efficacy of two concurring affinities, when neither 
singly would be efficient. It consists in mixing equal parts of 
hydrated silicic acid and starch into a paste with oil, and heating 
the mass in a covered crucible, so as to char the vegetable matters, 
III this way an intimate mixture of silica and carbon is obtained, 
which is placet^ in fragments in a porcelain tube and heated to red- 
ness, while a current of dry chlorine is passed over it. The oxygen 
of the silica unites with the carbon, and forms carbonic oxide ; and 
the silicon and the chlorine at the same moment combine. Neither 
carbon nor chlorine, singly, have the slightest action upon silica. 
The volatile product is agitated wiHi a little mercury to free it 
from mixed chlorine, and is then pure. 

Chloride of silicon has a suffocating odour, not unlike that of 
cyanogen, and when thrown into water is converted into muriatic 
acid and silica. It consists of 
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Silicon 18.3 sr 1 Equivalent 8 

Chlorine 81.7 = 1 „ 

J^O.O 44 

Formula, (S^' + C^). 

Compound of Silicon and Fluorine. 

§631. We have already stated that hydro-fluoric acid acts 
very energetically upon glass : or, as we may now add, upon pure 
silica. The product of the action is a gas, which may easily be 
obtained by pouring upon powdered fluor-spar, mixed with half its 
weight of fine sand or glass, an equal weight of strong sulphuric 
acid. It may be collected in glass jars over mercury. It is colour- 
less, and possesses a penetrating odour and sour taste. It extin- 
guishes all burning bodies when immersed in it, and produces white 
fumes in the air from its high attraction for moisture. 100 cubic 
inches weigh about 112 grains. 

Water absorbs 263 times its bulk of the gas, and the solution 
may be kept in glass vessels. About 17 per cent, of silica is pre- 
cipitated during the solution, owing to the decomposition of water, 
the oxygen of which unites with the silicon, and the hydrogen with 
the fluorine, which forms hydro-fluoric acid, and which rem^’ns 
in solution. The gas condenses twice its volume of ammonia, and 
forms with it a dry, saline compound. It also combines with other 
bases. 

The gas is most probably a binary compound of silicon and 
fluorine, and its proper name would, therefore, be fluoride of silicon. 
It is sometimes called fluo-silicic acid. It is composed of : — 

Silicon 30.8 rs 1 Equivalent 8 
Fluorine 69.2 =1 „ 18 

100.0 

Formula, (S" + F). 

Boron. 

§ 632. When two parts of potassium are mixed with one of 
horacic acid^ which has been^ previously fused and powdered, and 
the two are heated together in^ copper tube, at a temperature of 
about 300® Fahrenheit, they suddenly become red hot ; and when 
the product has been washed with warm water, a greenish-brown, 
or olive-coloured substance remains, which is boron. 
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It is insoluble in water, tasteless, and without action upon vege- 
table colours. It is a non-conductor of electricity. It may be 
exposed to the strongest heat in close vessels without undergoing 
any change, except becoming harder and more dense. It does not 
decompose water, either hot or cold. Its specific gravity is about 2. 
When heated to about 600® Fahrenheit, in the open air it burns 
vividly, and is converted into boracic acid. 


Compound of Boron and Oxygen. 

§ 633. Boron absorbs about 68 per cent, of oxygen during its 
conversion into boracic acid. 

Boi^acic acid is commonly obtained by dissolving a given weight 
of a salt called borax, (which is imported into this country from 
India, in a rough state, under the name of tincal,) in boiling water, 
and adding half its weight of sulphuric acid, previously diluted with 
an equal quantity of water. As the solution cools, scaly crystals 
are precipitated, which is the substance in question. It is also 
found native in the neighbourhood of volcanoes. 

It is destitute of odour, and possesses very little taste. It is 
sparingly soluble in water, and the solution reddens blue vegetable 
colours. It also acts as an alkali upon turmeric paper, turning its 
yellow tint to brown. It is soluble in alcohol, and communicates a 
green colour to its flame. It fuses when heated, and parts with its 
water of crystallization. There is some difficulty in fixing the 
equivalent of boron and of this acid; but the latter is probably 
composed of : — 

Boron 29.41 = 1 Equivalent. 20 

Oxygen 70.59 6 Equivalents. 48 

100.00 ^ 


Formula, (B*^ 4- G O). 

The number, 68, will agree with the proportion in which it 
combines with soda, to form borax. The aqueo-acid will then con- 
sist of : — 

Anhydrous Boracic Acid 55.74 = 1 Equivalent. 68 
Water 44.26 z= 6 Equivalents . 54 

100:00 122 


Formula, (B" + 60)+6 (H-pO). 


2 G 2 
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"Compound of Boron and Chlorine. 

§ 634. The chloride of boron may be prepared by exactly 
similar processes to those which have been described for procuring 
chloride of silicon, (§ 630,) only substituting boracic acid for silica. 

It is a colourless gas, which may be obtained in a state of purity 
by collecting it over mercury, which absorbs any excess of chlorine. 
It is rapidly absorbed by water, but with instant decomposition, and 
the production of muriatic and boracic acids. Its specific gravity is 
3.94. Its exact composition has not yet been accurately determined. 
It forms a liquid compound with ammonia. 

Boron and Fluorine. 

§ 635. If fluor-spar be mixed with half its w^eight of vitrified 
boracic acid instead of silica, (§ 631 ,) and gently heated with sulphuric 
acid in a retort, a gas may be collected over mercury, which greatly 
resembles the fluo-silicic gas. It may also be obtained by exposing 
a mixture of boracic acid and fluor-spar together in an iron tube to 
a high heat. It is colourless, possesses a very pungent odour, and 
instantly extinguishes flame. It occasions a dense white cloud 
when it escapes into the air ; and it is rapidly absorbed by water, 
which takes up 700 times its volume. Some boracic acid is depo- 
sited during the solution. 100 cubic inches of the gas weigh about 
72 grains. The saturated solution is perfectly limpid, fumes when 
exposed to the air, and is very caustic. It acts with all the intensity 
of sulphuric acid upon organized bodies, blackening and disintegrat- 
ing them. It has, no action upon glass, but it forms secondary 
combinations with ammonia and other bases. 

It is most probable that this acid is a compound of boron and 
fluorine, and it should therefore be called f uoride of boron., but its 
exact constitution has not yet been accurately determined. 

Concurrence of Forces. 

§ 636. The preparatory view which we have now taken of 
the most striking properties of diflTerent kinds pf matter, both simple 
and compound, and of the great laws of definite, multiple, and equi- 
valent proportions, which limit the action of the force of affinity, 
and which we have found maintained in every case of composition 
and decomposition, will enable us to proceed to the examination of 
the more complicated phenomena of concurring forces. Some of 
these have not been without influence in the results which we have 
hitherto considered as produced by affinity alone, but we were not 
previously prepared to distinguish and appreciate them. 
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The forces of homogeneous cohesion^ and its antagonist, repulsion^ 
and the force of heterogeneous adhesion^ modify, ii|;toany instances, 
very materially the action of affinity. 

We will endeavour to illustrate these interferences, first, with 
the more simple cases of both. 

§ 637. We have already (§ 420,) adverted to the fact that 
the difficulty of determining the combination of carbon with oxygen, 
or its combustion, increases with its cohesion, from the easily ignited 
tinder to the diamond. 

The metals, iron, copper, and lead, resist the action of atmo- 
spheric air, when in mass, very completely ; becoming at most only 
slightly tarnished with oxides ; but in a disintegrated state they are 
acted upon with great energy, and often present the phenomena of 
combustion. 

Finely-powdered oxide of iron may be reduced to the metallic 
state by placing it in a tube, making it red hot, and passing dry 
hydrogen gas over it. When the metal which has been thus pro- 
duced and allowed to cool, is suddenly exposed to the air, it recom- 
bines with oxygen and becomes red-hot. 

When copper is fresh precipitated from sulphate of copper upon 
the surface of iron, it is in a pulverulent state, and when washed 
and exposed to a gentle heat to dry, it will often suddenly ignite 
and burif into oxide. 

When finely-divided lead is prepared by exposing the salt which 
it forms with tartaric acid to a red heat, in which case the oxide is 
reduced by carbon, and it is afterwards exposed to the air, it com- 
bines with oxygen with the extrication of light and heat. 

Pure alumina, as it exists in corundum^ and some of the Oriental 
gems, is one of the most untractable substances in nature. It resists 
the action of all acids, and is with very great difficulty disintegrated 
by the repeated action of potassa at a red heat. The same sub- 
stance, as it is fresh precipitated in light flocks, from its saline com- 
bination in alum by carbonate of potassa, is readily dissolved, either 
by solution of potassa, or by sulphuric acid. 

The counteracting power of heat upon the cohesion of solids 
promotes their combination with other bodies, independently of 
that exaltation of the force of affinity which determines composition 
at high temperatures ; and we have, on the contrary, already noticed 
cases of decomposition from the mere increase of repulsive force in 
gases from accession of heat. 

§ 638. The mode in which the force of adhesion acts in 
liquids by counteracting, on one hand, the cohesion of solids, and 
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Oil tho Other, the self -repulsion of gases is too obvious to require 
further illustration. The solvent power of water is particularly 
useful in bringing bodies within the sphere of the attraction of 
affinity ; being a stable compound, and devoid of any very active 
properties, it does not often exercise disturbing influences upon the 
results. 


*§ 689. The force of adhesion in solids acts in a similar, but 
less obvious way. The strong affinities which the gases exert in 
W'hat has been called their nascent state., are referrible to this cause. 
If chloride of silver be suspended in water, and a current of hydro- 
gen be directed through the mixture, no change will ensue ; but if 
some pieces of zinc be thrown into the liquid, and a little sulphuric 
acid added, the chloride will be decomposed, and the silver thrown 
down. The hydrogen, on its first extrication, is momentarily coerced 
by the force of adhesion on the surface of the zinc, and has time 
to exert its superior attraction for the chlorine. 

If a perfectly clean plate of platinum be introduced into a long 
tube filled with oxygen, over pure water, and hydrogen, in the 
proper proportions to form water, combination will begin slowly to 
take place, and the water will rise in the tube. The platinum will 
become warmed by the heat evolved, when the combination will 
proceed more rapidly, and the metal will ultimately become red-hot, 
and explode the remainder of the gases. The force of adhesion of 
the gas to the metal suspends, upon its surface, the self-repulsive 
force of the similar particles of each gas, and brings them within 
the influence of the mutual affinity of their dissimilar particles ; the 
combination, thus commenced, proceeds with greater activity as the 
affinity becomes exalted by the heat. 

When the metal is in a disintegrated, or spongy form, it exposes 
a larger surface to the action of the gases, and becomes proportion- 
ately more active ; this property has been applied in the construc- 
tion of an instantaneous-light machine, in which a stream of hydro- 
gen, thrown through the air upon a small quantity of spongy plati- 
num, becomes ignited by the incandescent metal. 

§ 640. Many other compositions, decompositions, and recom- 
positions may be determined by the same means. 

Ammonia, or any of its salts, when mixed with atmospheric air, 
is decomposed when passed, at a temperature of about 572® Fahren- 
heit, over spongy platinum, and the nitrogen which it contains is 
completely converted into nitric acid by combination with the 
oxygen of the air. 
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On the other hand, when the oxides of nitrogen or nitric acid 
are mixed with a sufficient quantity of hydrogen gas, they are con- 
verted into ammonia by contact with spbngy platinum, and fre- 
quently without the assistance of heat. The action is often so 
energetic that, if caution be not used, violent explosion ensues. An 
excess of nitric acid gives nitrate of ammonia. 

In the same way, cyanogen and hydrogen give hydro-cyanate of 
ammonia. A mixture of olefiant gas and deutoxide of nitrogen in 
excess when hot, and passed over spongy platinum, produces car- 
bonate and hydrocyanate of ammonia and water ; and the vapours 
of nitric acid mixed with hydrogen, may be totally converted into 
acetic ether and water at a moderate temperature. 

§ 641. Platinum, precipitated from its combination with 
sulphuric acid by boiling in alcohol, is used in Germany upon a large 
scale for the purpose of manufacturing acetic acid from alcohol 
upon this principle. 

Dishes of earthenware or wood are placed in rows upon shelves, 
over each other, in a large case. A portion of the black platina 
powder, moistened, is suspended over each dish, and as much vinous 
spirit put into them as the oxygen of the included air may bo 
adequate to acidify. In this way 1000 cubic inches of air can 
oxygenate 110 grains of anhydrous alcohol, converting them into 
122 grains of pure acetic acid and 64i grains of water. The appa^ 
ratus is set in a light place at a temperature of from 68° to 86° 
Fahrenheit, and the evaporation of the spirit is promoted by hang- 
ing several leaves of porous paper in the case, with their lower 
edges dipped in the spirit. The action is manifested by an increase 
of temperature and a generation of acid vapours, which condensing 
on the sides of the case, trickle down in streams to the bottom. 
When the oxygen has been all consumed, the process may be 
renewed by opening the case a little, and replenishing it with air. 

With from 7 to 8 ounces of the platinum powder in a box of 
12 cubic feet capacity, one pound of alcohol may thus be converted 
in a day into pure acetic acid. The platinum powder does not waste 
or become deteriorated by the process. 

§ 642. An admixture of other porous substances does not 
destroy this property of spongy platinum, and pellets composed of 
clay and finely-divided platinum are very conveniently tiSbd to 
analyze mixtures of inflammable gases and oxygen, by thus deter- 
mining their combination over mercury. 

Other metals also possess this influence, but require to have 
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tiieir temperature raised in various degrees ; only those which, like 
platinum, have a small affinity for oxygen, enjoying it in the same 
degree. Even non-metallio bodies, as pounded glass and charcoal 
become efficient at a temperature of 600°. 

§ 643. It is probable that the concurrence of this force of 
adhesion with affinity determines the combination of the nitrogen 
and oxygen of the atmosphere, and the formation of nitre and other 
salts of the nitric acid, which effloresce in abundance upon certain 
soils which contain potassa and other bases in sufficient abundance ; 
and we trace the same kind of action in the formation of crystals of 
sulphate of ammonia upon the glass windows which are exposed to 
the action of the coal-impregnated atmosphere of our metropolis. 

§ 644. There is a strong analogy between these phenomena 
and the conversion of sugar into alcohol by the presence of a foreign 
body, such as yeasty (§ 498,) which itself undergoes no change 
whatever ; and to a similar action may also bo referred the decom- 
position of binoxide of hydrogen and bi-sulphuret of hydrogen by 
metallic oxides, metals, and other foreign bodies, which we have for- 
merly noticed (§ 490, 591). 

In the decompositions and recompositions of organic substances 
also, we often trace the influence of a force which falls short of 
chemical affinity, but by which it is determined and directed ; as, 
for instance, in the formation of sugar from lignin, (§ 5 1 7,) or of 
ether from alcohol, (§ 504,) under the influence of sulphuric acid, 
which undergoes no change during the process, and does not enter 
into the composition of the product. 

It has been supposed that this is a force which has hitherto 
been undistinguished, and it has, therefore, been proposed to give 
to it the name of catalysis^ signifying the binding together of bodies, 
as analysis has been taken to designate their separation ; J)ut there 
is no occasion for the hypothesis of a new force, for all the pheno- 
mena may be explained by the action of heterogeneous adhesion. 

§ 645. The play of concurrent forces is curiously illustrated 
in the actions and reactions of solutions of acids and bases upon 
salts, and of salts in solution upon each other. They are often of 
the most complicated kind, and the conditions of the final equili- 
brium not easy to develop. 

Regarding the matter in a general point of view, when upon a 
salt, or a compound of an acid and a base, we pour another acid, 
the base must be considered as divided between the two f and we 
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have two salts and two free acids in solution. Thus, if we take a 
solution of phosphate of soda and pour upon it sulphuric acid, we 
shall have sulphate of soda and phosphate of soda, and sulphuric 
acid and phosphoric acid, all in solution, in some unknown propor- 
tions, dependent upon the strength of the various attractive forces. 
Nothing in this case happens to render the change which has taken 
place apparent. If, however, we pour muriatic acid upon a solution 
of sulphate of copper, chloride of copper is formed, and sulphuric 
acid set free, and all the agents remain in solution as before ; but in 
this case the formation of the chloride of copper is indicated by the 
change of the colour of the solution from blue, the colour of sulphate 
of copper, to green, the colour of chloride of copper. 

No perfect decomposition of the original salt can thus be 
effected ; for whatever excess of the second acid may be added, the 
other which is disengaged remains within the sphere of attractive 
influence, and each opposes the action of the other upon the base 
which is thus divided between the two. But if cohesion or elas- 
ticity in any of the products of the operation should prevail over the 
adhesive force of the solvent, which keeps them in presence of each 
other, complete decomposition will be the consequence of the 
abstraction of one of the active bodies from the field of action. 
Thus, when sulphuric acid is made to act upon carbonate of soda, 
the carbonic acid flies off in the gaseous state, and is completely 
displaced from the soda by the sulphuric acid : or when sulphuric 
acid is poured into solution of nitrate of baryta, complete decomjM)- 
sition ensues, because the cohesion of the sulphate of baryta which 
is formed, ])revails over the solvent power of the water, and the pre- 
cijntation of the salt annihilates the influence of its constituents. 

This ascendency of elasticity or cohesion, which occasions entire 
decomposition, may be determined by changes of temperature, in 
circumstances where it does not previously exist. When sul- 
phuric acid is poured upon dry chloride of sodium, muriatic acid 
flies off, and nothing but sulphate of soda remains : when on the 
other hand, it is poured into a solution of the salt in water, partial 
decomposition only ensues; chloride of sodium, sulphate of soda, 
sulphuric and muriatic acids, all remain in solution together; but if 
heat be applied, muriatic acid passes off wdth the vapour of water, 
and the decomposition is complete. Again : let sulphuric acid be 
poured into a hot solution of nitrate of potassa ; while hot, the two 
salts and the two free acids will remain in solution together; but , 
upon cooling the mixture, the sulphate of potassa will crystallize, 
and the whole of the nitre inay be decomposed. 

We^have just alluded to the result of adding sulphuric acid to a 
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solution of phosphate of soda ; it is exactly the same when we add 
phosphoric acid to sulphate of soda ; a partition of the base takes 
place : but if we evaporate the solution, and raise the temperature 
to afcove 600®, phosphate of soda will alone remain; because at 
this high temperature the phosphoric acid is fixed, while the sul- 
phuric acid passes off in vapour. 

§ 646. Similar phenomena attend the presence of two bases 
in solution with an acid. If to the solution of a salt in water we 
add another base, the acid will be divided between the two. When 
to a solution of nitrate of baryta, for example, we add a solution of 
caustic potassa, nitrate of potassa, and nitrate of baryta, and free 
baryta and potassa exist in the solution ; but as the baryta is less 
soluble than the potassa it will be gradually precipitated, and com- 
plete decomposition will ensue, unless there be water enough to 
hold the whole in solution. 

To a solution of muriate of ammonia, add cream of lime ; 
partial decomposition of the muriate will take place, and free 
ammonia may easily be detected in the solution : heat the mixture, 
and the lime will totally displace the ammonia ; because, as the 
latter is liberated, it instantly passes ofi* with the vapour of the 
water. 

• The same kind ‘of adjustment between acids and bases takes 
place when the solutions of two salts are mixed together ; and four 
salts will exist in the solution, if no precipitation take place. Thus, 
on mixing solution of sulphate of copper and chloride of sodium, we 
know that chloride of copper is formed by the change of colour 
from blue to green, and consequently that an equivalent quantity of 
sulphate of soda must also be formed. 

Tb what extent this change takes place, we do not know ; for 
we are unacquainted with the relative force of attraction between the 
several principles. Thus, when two acids and two bases meet 
together in equivalent proportions, we conclude that each acid 
unites with equivalent proportions of both bases, and four salts are 
contained in the solution; three acids and three bases in like 
manner give rise to nine salts, and four and four to sixteen. 

If, for example, we add together solutions, containing : — 

Sulphuric acid 40 parts. 

Nitric acid . 54 „ 

Potassa. . . 48 „ 

Soda ... 32 „ 

Total. . m 
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Or solutions, containing : — 

Sulphate of soda 72 parts. 

Nitrate of potsssa 102 „ 

Total. . . . 174 

Or : — 

Sulphate of soda . 36 parts. 

Sulphate of potassa 44 „ 

Nitrate of soda . . 43 „ 

Nitrate of potassa . 51 „ 

Total . . . . m 

The final result will be the same. The last four salts will all exist 
in the solution, in some proportion dependent upon the relative force 
of the attractions which is unknown. 

But, if wo now concentrate the solution by evaporation, the 
sulphate of potassa will be the first to crystallize, owing to the 
ascendency of its cohesive force ; a new partition of acids and bases 
will take place between the nitrate of potassa and sulphate of soda, 
and in this way the mixture will be entirely resolved into : — 

Sulphate of potassa 88 

Nitrate of soda . . 86 

Total . . . . m 

§ 647. It is thus that many cases of, what would at first 
appear to be, double elective affinity may be explained ; they depend 
very often upon the forces of cohesion and adhesion, rather than 
upon the simple relation of the affinities of the different acids and 
bases concerned : and with an accurate knowledge of the relative 
solubility of the different salts, or their relative attraction for water, 
we may always anticipate the decompositions which will follow 
upon mixing their solutions. If, by a mutual exchange of their 
acids and bases, a salt can be formed of less solubility than the 
others, double decomposition will certainly take place, and the less 
soluble salt will be precipitated, unless there should be suflScient of 
the liquid present to take it up. Thus, upon adding sulphate of 
soda to nitrate of baryta, we know that sulphate of baryta and 
nitrate of soda will result; sulphates of soda and baryta, and 
nitrates of soda and baryta, will all be formed at first, but the sul- 
phate of baryta will be at once withdrawn from the sphere of action 
by precipitation. The originally formed nitrates of soda and baryta, 
and sulphate of soda will momentarily be left ; but a fresh arrange- 
ment and balance must take place : another portion of sulphate of 
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barjiia must be formed, by the reaction of the sulphate of soda and 
nitrate of bar)^ta, and will again precipitate ; till the whole of the 
sulphuric acid and baryta are thus withdrawn, and nothing remaias 
in solution but nitrate of soda. 

§ 648. This partition of a substance between two active 
affinities, and the concurrence of extraneous forces in producing 
chemical results, may be exemplified in primary* combinations as 
well as secondary. 

When a current of vapour of water is passed over red-hot iron, 
the water is decomposed, oxide of iron is formed, and hydrogen gas 
evolved. On the other hand, when hydrogen gas is passed in a 
continuous stream over red-hot oxide of iron, water is formed, and 
metallic iron produced. Here, if we take into account the mere force 
of affinity, the facts appear to bo contradictory. In the first, the 
affinity of iron for oxygen, at a rod heat, appears to be greater than 
that of hydrogen — in the second less : but they may be thus ex- 
plained : — when hydrogen gas comes in contact with the oxide of 
iron, the oxygen divides itself between the hydrogen and the iron, 
in some proportion dependent upon the relative force of the two 
affinities. The quantity of water thus formed between the first 
portions, although possibly small, is immediately carried out of the 
sphere of action by its own elastic force, or by the continued current 
of hydrogen, and a similar partition takes place between successive 
portions, till the whole of the oxygen is ultimately abstracted from 
the iron. A similar partition takes place when steam is passed over 
the iron, and the disengaged hydrogen flying off ceases to exert 
its attractive force upon the oxygen, which becomes fixed by its 
combination with the iron. 

Similar instances abound amongst the operations of chemistry : 
but one more of an exactly parallel case of secondary affinity will 
complete our illustrations. By passing a current of sulphuretted 
hydrogen oVer bi-carbonate of potassa, the carbonic acid will be 
gradually displaced, and total decomposition will ultimately bo 
effected : on the other hand a current of carbonic acid gas passed 
through hydro-sulphuret of potassa will displace the hydro-sulphuric 
acid by successive portions. It must, however, be remarked, that 
such decompositions require quantities of the displacing agent far 
greater than would be necessary to saturate the base, or combine 
with the element. 

§ 649. It must not, however, be inferred from these observa- 
tions that decompositions never take place from the simple action 
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of pm*e elective affinity ; it would not be easy to select many cases 
which would be entirely free from the influence of concurrent forces, 
t)pt a striking instance of it may be presented in the action of 
chlorine and hydro-iodic acid, both in the gaseous state. When the 
two gases are mixed, -the chlorine abstracts the hydrogen from the 
hydro-iodic acid, and the iodine 'makes its appearance as a purple 
vapour. 


§ 650. With regard to solutions, the phenomena must of 
course vary with the nature of the solvent. Thus, carbonate of 
baryta is readily decomposed by dilute nitric acid ; carbonic acid 
makes its escape, and nitrate of baryta remains in solution: but 
strong nitric acid will not decompose the carbonate, because nitrate 
of baryta is not soluble in the concentrated acid. 

It is not easy to bring other solvents into comparison with 
water ; for they are mostly endued with strong chemical affinities, in 
addition to the force of adhesion which they exert upon the saline 
compounds. Muriatic acid gas dissolved in anhydrous alcohol will 
not decompose carbonate of potassa, although it will act upon the 
carbonates of baryta, lime and soda. 

Nitric acid mixed with pure alcohol will not act upon carbonate 
of potassa. Tartaric acid in alcohol will decompose no carbonate. 

Oxalic acid dissolved in the same way, will decompose tlie 
carbonates of magnesia, strontia and baryta, but not the carbonates 
of lime and potassa. 

It would be difficult perhaps to determine whether in these cases 
the hydro-carbon of the alcohol acts as a base, or whether, which is 
the most probable, the difference depends upon the differences of 
solubility of the different secondary compounds in the solvent 
employed. In all such instances it is clear that, in estimating the 
play of forces, the forces of cohesion and adhesion must be taken 
into account. 

§ 651. We have already alluded to the concurrence of lieat 
in chemical phenomena, and have distinguished its two functions 
of acting, first, simply as a repulsive force opposed to cohesion, or 
the attraction of homogeneous bodies ; and, secondly, of exalting the 
mutual affinities of heterogeneous substances. The latter is by far 
the most interesting, but, stands most in need of further elucidation. 

Different degrees of heat are required to determine th^ combina- 
tion of different bodies, and different degrees of heat will determine 
the same bodies to combine together in different proportions. Thus, 
when a mixture of the vapour of ether and common air is exposed 
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to a white heat, op the temperature of flame, it bursts into flame, 
and the products are water and carbonic acid, and possibly some 
free carbon : but if the same mixture be exposed merely to a red 
heat, as by immersing in it a coil of platinum wire heated to that 
temperature, combination takes place without flame, and a powerful 
pungent acid vapour is generated, which has been called the lampic 
acidy and which may be condensed into a liquid by cold. It is 
probably a mixture of acetic acid and formic acid^ in which the 
carbon and hydrogcii are not fully oxidated, and which has so strong 
a renjaining affinity for oxygen, that it will take it from certain 
oxides of tlie metals in saline combination, and reduce the metal. 

When a mixture, again, is made of cyanogen and oxygen, and 
exposed to the action of flame or of an electric spark, the carbon is 
converted into carbonic acid, and the nitrogen disengaged ; but by 
the influence of red-hot platinum carbonic acid is produced, and 
deutoxide of nitrogen, which is immediately distinguished by the 
red vapours which it forms with a portion of the uncombined 
oxygen. The different products of the slow and rapid combustion 
of phosphorus are also instances of the same modified action. It 
is remarkable that both the processes of slow combustion and rapid 
' inflammation disengage exactly the amount of heat, which is neces- 
sary to the respective maintenance of each. 

§ 652. It is probable that something like the law of multiple 
proportions may be maintained in the quantities of heat which are 
evolved by different bodies during the act of combustion. 

According to recent experiments the same quantity of ice is 
melted when 100 parts of oxygen combine with 'carbon to form 
-carbonic acid as when they combine with hydrogen to form water. 
The same result is also obtained when an equal quantity of gas is 
cemsumed in the combustion of wood, wax, rosin, and alcohol : but 
when an equal quantity enters into combination with phosphorus, 
to form phosphoric acid, a double quantity of ice is melted. 

§ 663. It is worthy of remark, that the combinations which 
take place with the most energetic development of heat and light, 
when the elements act upon one another directly, result quietly 
and with but little accession of temperature when they are formed 
by double decomposition, or even by the single substitution of one 
body for another in a compound. The most concentrated artificial 
heat with which we are acquainted is that which arises from the 
combination of oxygen and hydrogen ; but when the two elements 
separate from their combinations with sulphur by elective affinity, 
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they unite without any of the phenomena of combustion ; and when 
sulphuretted hydrogen and sulphurous acid are mixed together, the 
sulphur of both is precipitated, and water formed, without the 
evolution of heat. In the same quiet way chlorine may be sub- 
stituted for sulphur, or iodine or bromine in combination with 
hydrogen. 

§ 654. We have seen that matter of different kinds, — of 
different chemical composition, and of different mechanical struc- 
ture, — exerts a powerful action upon light and radiant heat and 
from the general principles of action and reaction we might be led 
to expect that these radiant forces would not be without an influ- 
ence upon the structure and composition of matter. 

Accordingly we find that light is capable of acting upon and 
directing homogeneous attraction, and of influencing the .crystal- 
lization of certain substances. Evidence of this may very commonly 
be found in druggists' shops ; where, in the glass jars which contain 
camphor, and are placed in the windows, beautiful crystals may 
generally be seen attached to the sides the nearest to the light. 
Many other substances which are capable of the same kind of sub- 
limation exhibit the same phenomena in their solidification. 

M. Chaptal first made the observation that, when a number of 
capillary crystals shoot up the sides of a glass vessel containing a 
saline solution, they attach themselves only to that side of the 
vessel which is most strongly illuminated. Ho was thus able to 
cause crystals to form on any selected side ; and by placing a screen 
before the vessel, he found that the line between light and darkness 
was distinctly nrnrked by the limit of crystallization. This result is 
most readily obtained with the metallic salts. 

§ 655. Light and radiant heat exert, also, a very marked, 
and sometimes energetic, influence upon chemical affinity; deter- 
mining the ipombination of some bodies, and the decomposition of 
others. If a piece of silk be dipped in a solution of chloride of gold, 
and kept moist and exposed to the rays of the sun, it will gradually 
change from yellow to green, and then to purple ; spangles of gold 
will make their appearance upon it, and at the expiration of an hour 
it will be entirely covered with a film of metallic gold. Professor 
Seebeck steeped a piece of filtering paper in a moderately-strong 
solution of gold, and, cutting it in three pieces, he placed one in a 
dark place; the second he exposed to the rays of the sun, but 
placed it also in a dark place before it had undergone any change ; 
the third he exposed fully to the sun. The first underwent no 
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change whatever, while both the second and the third had the gold 
equally reduced upon them. 

A solution of nitrate of silver in contact with organic matter 
undergoes similar changes by exposure to strong light. If a piece 
of paper be moistened with nitrate of silver, and exposed to the 
beams of the sun, a very few minutes are sufficient to change the 
colour to almost black : an effect which is well known from its 
application as an indelible ink for marking linen. 

Chloride of silver retains its snow-white colour and lustre if 
carefully excluded from the light ; but if exposed to the sun, the 
concentrated light of lime in the flame of the oxy-hydrogen blow- 
pipe, the flame of the voltaic battery, or even to the diffused white 
light of the clouds, speedily turns to a purplish black colour. This 
is owing to the decomposition of water, and the formation of 
muriatic acid and oxide of silver. 

That these effects arise from the agency of the radiant forces 
alone, and not from the influence of mere exalted temperature, has 
been proved by enclosing the several substances in glasses covered 
with black paint, and exposing them to the sun; in which case 
they become very hot, but even after several days no chemical effect 
was produced. 

§ 656. Many years ago it was proposed by Mr. Wedgwood 
and Sir Humphry Davy to apjdy this chemical influence of light to 
the tracing of objects by means of their shadows, or to the copying 
of drawings by the agency of the light transmitted through them in 
different degrees. They succeeded in obtaining such tracings by 
means oT paper prepared with nitrate or chloride of silver ; but they 
failed in their attempts to fix them in such a Kay as to render them 
afterwards unchangeable in the light. Mr. Talbot has lately 
attained this object; and by placing prepared paper in a small 
camei'al^obscura, he has been enabled, in a few iH^iluutes, to obtain 
most perfeoti but extremely small, pictures, — su^irt,;|^ great 

stitch of imagination, might be supposed to be, tlt©<pl^k of some 
Lilliputian artists. They require, indeed, examiiiiatW with a lens 
to discover all their minutiae. Engravings and sculpt?ure may thus 
be copied with the utmost fidelity, and the process appears to be 
applicable to a variety of useful purposes, such as the delineation of 
objects in the solar microscope, &c. A process of the same nature 
was some years ago invented in France by M. Niepsce, and has just 
beep brought forward by M. Daguerre of Paris, who is said to have 
made somejsonsiderable improvements upon it ; but neither of these 
gentlemen have yet published the preselling process in which the 
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great merit of their application consists. This purpose, however, 
may be effected by washing the paper upon which the design has 
been imprinted with a solution of hypo-aulphite of soda, which dis- 
solves out the unchanged nitrate or chloride, without affecting the 
dark parts in which the change has been produced. In these helio^ 
graphic drawings, as Ihey have been named, the effects of light 
^nd shade are all reversed; but by a second process, in which the 
light is transmitted through the first design upon a second prepared 
paper, this defect may be rectified. In M. Niepce’s process, it is 
understood that the lights and shades correspond with those in 
nature. 


§ 657. The operation of bleaching linen affords another 
familiar illustration of the chemical changes which light is capable 
of producing. Every washer-woman is aware from experience that 
this process most readily succeeds in bright weather. The removal 
of colour is, probably, ultimately referrible to the decomposition of 
water, and the consequent disengagement of oxygen. 

§ 658. The instances in which light promotes combination 
are equally striking. 

We have already stated that, when hydrogen and chlorine 
gases are mixed together, they enter very slowly into combination 
in a feeble light ; but, when exposed to the direct rays of the sun, 
combination is extremely rapid, and not unfrequently attended with 
explosion. 

Chlorine and carbonic oxide can be made to unite together by 
no other influence with which we are acquainted, and hence the 
product has been called phosgene gas. They are introduced for this 
purpose in equal volumes into an exhausted flask, and exposed for a 
quarter of an hour to bright sunshine. The colour of 4he chlorine 
gradually disappears,^ and the gases are condensed into half their 
united biilk||. Th«k:|iiew gaseous body has an intolerabjiy pungent 
odour, and greatly affects the eyes. It reddens litmus, and by 
contact with is resolved into carbonic and muriatic acids. 

It condenses four' times its volume of ammoniacal gas, and the pro- 
duct is a white neutral salt, from which the more powerful acids 
disengage carbonic and muriatic acids. 

§ 669. All the rays of the solar spectrum are not equally 
endued with this influence upon chemical affinity; for when they 
fall upon paper impregnated with chloride of silver, the chlo- 
ride becomes blackened much sooner in the violet than in the 
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other coloured rays. The power seems to extend even beyond the 
Ikuiits of the violet light itself, as if it belonged to certain highly 
refrangible dark rays analogous to the little refrangible dark rays of 
heat at the opposite extremity of the spectrum. These chemical 
rays may be separated by absorption, as well as by refraction : for 
if a neutral solution of chloride of platinum be mixed with lime 
water, and a portion placed in two clear glass tubes, one of which 
is immersed in a blue solution of ammonia-sulphate of copper, and 
the other in a red solution of cochineal, oxide of platinum and lime 
will be precipitated from the former, while the latter will be pro- 
tected from all change. 

§ 66*0. The most intense light from the combustion of tlie 
hydro-carbons produces no change upon chloride of silver, nor yet 
on a gaseous mixture of hydrogen and chlorine ; but the light from 
the voltaic battery, and that from lime heated in the oxy-hydrogen 
blow-pipe, when concentrated by a glass lens, speedily blackens the 
chloride. 

§ 661. The processes of regetation are also greatly under the 
influence of the same subtle agency. The artificial exclusion of 
light from plants gives rise to the effect upon them, which is called 
etiolation^ or blanching. Under such circumstances they always 
extend their branches and shoots towards any opening at which 
light is partially admitted; and if this be closed, and another 
opened in a different situation, they change their direction, and still 
turn to»^ards the luminous influence. If kept in ])erfect darkness 
they become feeble, succulent, insipid, and of a white or yellowish 
colour ; but if in this state they be transferred to a situation where 
they may enjoy the action of the solar rays, they regain their green 
colour and become vigorous. According to the observations of 
Sennebier, the green colour of the leaves of plants is more readily 
developed under the influence of violet light than under that of any 
other colour. 

§ 662. We will close this summary view of the relations of 
light to matter with a few observations upon the different degrees 
with which it seems to be absorbed and retained by some bodies. 
There are substances which appear to be capable of emitting light 
at a very moderate accession of temperature, without undergoing 
any sensible chemical change. The diamond, for instance, fluor 
spar, and various other bodies, possess this property in various 
degrees. It is called phosphorescence,, but is very different from the 
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luminous property possessed by phosphorus, which, as we have seen, 
is due to a slow combustion at a low temperature. These bodies 
lose the property of emitting light when they have frequently been 
made to undergo the process ; but may have it restored, by passing 
through them strong electric discharges, which, in some cases, will 
confer the property upon substances which did not previously 
possess it. Some species of fluor spar (chlorophane) become so 
light in boiling water as to enable a person to distinguish the 
letters of a book. 

§ 663. Another class of bodies first absorb light from an 
extraneous source, and give it out again upon being taken into a 
dark place: these are sometimes distinguished as solar phosphoric 
The most powerful of these is an artificial compound first made by 
Canton. It may be formed by mixing three parts of calcined oyster- 
shells in powder with one of flowers of sulphur, and igniting the 
mixture strongly for half an hour in a crucible. On picking out the 
lighter coloured parts, and exposing them to the sunbeams, to com- 
mon daylight, or to the light of an electric explosion, they will acquire 
the faculty of shining in the dark, so as to illuminate the dial of a 
watch and make its figures visible. After a time it will cease to 
shine ; but if kept in a well-stopped phial, a fresh exposure to the 
sun will at any time restore the luminous property. 

§ 664. Some species of animal and vegetable matter, in a 
state of decay, have the property of emitting light, — ^particularly 
some marine fish and Crustacea, such as lobsters. The quantity of 
light given ofl* by such substances is by no means proportioned to 
their degree of putrefaction ; but, on the contrary, the greater the 
putrescence the less light they generally emit. 

§ 665. The power which certain living animals possess of 
emitting li^t at their pleasure, properly falls within the province 
of the science of Physiology for examination and explanation. We 
have the less reluctance, indeed, to pass over with a brief allusion, 
the interesting phenomena which the glow-worm and the fire-fiy 
present, inasmuch as they at present remain amongst the most 
inexplicable of the products of life. The superficial waters of the 
ocean sometimes glow with living fire, emitted from countless 
millions of minute marine animals who have the privilege of kind- 
ling it and extinguishing it at will ; while in the eternal darknesgi 
of the great deep, to which the rays of the solar orb can never 
penetrate (§ 221), the larger animals are lighted to fulfil the purposes 

2 D 2 
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of their being, by a process which appears at present to be amongst 
the moat inscrutable wonders of the Creation. Our knowledge of 
Animal Chemistry scarcely enables us to form a guess respecting the 
nature of that light which is thus provided for the submarine hosts 
of beings. 

§ 666. The concurrence of the different forces of cohesion, 
adhesion, affinity, light, heat, electricity, and magnetism, is exem- 
plified in the most marvellous manner in the arrangements and 
phenomena to which we must next direct our attention ; and for 
the proper understanding of which our previous investigations into 
the laws of each are no more than a necessary preparation. Wo 
must return to the force of affinity, and pass from its local action to 
consider the phenomena of its current state. 


Current Affinity, 

§ 667. The force of affinity, as we have hitherto contem- 
plated it, has been excited by the contact of the particles of dis- 
similar kinds of matter; it has been expended at the points at 
which it originated ; and its action has only become continuous by 
the gradual supply of the active agents, and the removal of the 
inert compounds by the agency of concurrent forces. 

Metallic zinc, when exposed to a sufficiently high temperature, 
burns in the air with a plentiful evolution of brilliant light and 
heat ; but the process soon comes to an end, if the oxide, which is 
the product of the combustion, be not removed, and fresh contacts 
produced between the metal and the oxygen. 

A plate of bright zinc, when immersed in water, speedily 
becomes dulled by the formation of a thin coat of oxide ; but the 
oxidation proceeds no further, because the adhesion of the oxide 
prevents a renewed contact of the metal and the water. 

When a little sulphuric acid is added to the water, the oxide is 
removed by secondary combination as it is formed ; the oxidation 
goes on with rapidity at the fresh surfaces of contact, and the 
hydrogen of the decomposed water is carried out of the sphere of 
action by its elastic force. 

§ 668. If the surface of the zinc plate be carefully amalga- 
mated with mercury, a new play of forces is produced. Upon 
introducing the plate into the dilute acid, its surface becomes 
covered with bubbles of hydrogen gas, which adhere with consider- 
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able force, and will not rise through the liquid ; the force of adhe- 
sion is sufficient to counteract their elasticity. The metal is thus 
protected from further action ; or rather its affinity for the oxygen 
of the water is held in check by the affinity of the nascent hydrogen, 
which is competent to deoxidate the oxide when once formed. If the 
bubbles be carefully brushed away as they are produced, the oxida- 
tion of the zinc and the decomposition of the water will proceed. 

§ 669. It can scarcely be necessary to remark that these 
compositions and decompositions all take place in equivalent pro- 
portions : 32 parts or I equivalent of zinc combine with 8 parts, or 
I equivalent, of oxygen ; and the 40 parts or 1 equivalent of oxide 
are taken up by 40 parts, or I equivalent, of sulphuric acid. Eighty 
parts of sulphate of zinc are thus formed ; from which 48 parts, or 
1 equivalent, of potassa will throw down 40 parts of oxide of zinc, 
and 32 parts of zinc evolve I part of hydrogen from the water, by 
its action on the dilute sulphuric acid. 

§ 670. All these actions are local ; but we have it in our 
power to cause this same force of affinity to travel : we can send it 
to a distance, and oblige it to act at points far removed from that 
at which it is excited or generated. Some of the results will be 
manifested, as before, by decompositions and recompositions of 
matter ; but not confined, as heretofore, to the point from which 
the force is set free; and new forces will be developed. The impulse 
must be given and maintained by the contact of dissimilar particles 
of matter ; but it may be communicated to points very distant from 
those at which it originates. 

§ 671. The analogy of the transmission and direction of 
mechanical force may, perhaps, assist in the formation of a clear 
idea of this influence of bodies where they “ are not."” Every one 
is familiar with the modes by which the muscular force of animals, 
the elastic force of steam, or the wind, or the attraction of gravita- 
tion, is led by the solid matter of levers, cords, and wheels, to dis- 
tant points from its source, and there set to work : somewhat in the 
same way we may conceive that the force of affinity may be directed 
to distant points through appropriate conductors. But its journey- 
ings must be in a circle, and the arrangement must be made in such 
a way that the impulse may return to the point from which it set 
out : — it must circulate. Actions so remote from all common expe- 
rience can only be elucidated by experiment, and the results of 
the careful observation of facts in circumstances purposely contrived 
and varied. 
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§ 672. We have already stated that, when an amalgamated 
zinc plate is immersed in water acidulated with sulphuric acid, the 
incipient action is soon arrested by the adhesion of bubbles of 
hydrogen : a second plate introduced into the same portion of liquid 
will, of course, not act differently, whether it be in contact with the 
first or not. If, instead of a second plate of zinc, a plate of platinum 
or silver be placed in the acid, nothing occurs so long as the two 
plates are kept separate ; but if they touch one another in any point, 
the zinc immediately begins to take oxygen from the water. Tho 
equivalent hydrogen is not now, however, given off upon its surface, 
but upon the surface of the platinum or silver, even at its most remote 
points ; being thus removed from the point of contact between the 
zinc and the acidulated water, it no longer suspends their action, 
and the oxidation of the zinc proceeds. 

It is not necessary that tho contact between the two metals 
bo made within the liquid ; if they bo only partially plunged 
into it — if the parts immersed bo separated by a considerable 
interval, and they be brought to touch only by their exterior edges, 
action immediately ensues, and the hydrogen is evolved only ii])oii 
the platinum, however distant it may be from the zinc. 

Again : contact between tho two plates need not take place at 
all, provided a communication be established between them by 
means of any other metal ; a very line wire is quite sufficient for 
the purpose, and will be efficient even in lengths which may bo 
measured in miles. Tho necessary condition is, that the connexion 
be made by some good conductor of electricity ; and charcoal may 
be substituted for metal. 

If a tube three feet long be filled wdth the dilute acid, and a 
wire of platinum be inserted through a cork in one of its extremities, 
and an amalgamated zinc wire in the other, on connecting the wires 
hydrogen will be given off upon the former, notwithstanding the 
distance of the two metals (138). 


< — — 



(138) In this figure, z represents a zinc plate, 
and s one of silver, immersed in a vessel of dilute sul- 
phuric acid. As long as they are in contact by their 
upper extremities, the zinc will be oxidated and dis- 
solved, and the silver will be covered with bubbles of 
hydrogen, which will quickly rise from its surface. 

The force which originates with the zinc passes in the 
direction of the lower arrow, from z to the silver plate s, 
and returns from s to z in the direction of the upper 
arrow. 
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§ 673. Now it is obvious that the origin of the action must 
be an attraction of zinc for oxygen superior to that by which oxygen 
is combined with hydrogen in water. That the force thus gene- 
rated travels through the liquid, is proved by the extraordinary 
transfer of the disengaged hydrogen to the opposite plate, which by 
itself has no attraction (or the least possible) for oxygen or hydro- 
gen ; and that it returns through the conducting solid to the zinc, 
we conclude from the whole remaining in abeyance till the com- 
munication is complete. 

§ 674. We can, moreover, produce evidence that the con- 
ducting wire is in a state of activity, while transmitting the 
impulse, very different from its ordinary state. If the communica- 
tion between the generating and the conducting plates, as we may 
call them, be made by means of the fine wire in the air-thermo- 
meter which we have before described (§ 337), it will be found to 
evolve heat ; and if the wire, or any part of it, be very much reduced, 
or the plates be greatly enlarged, the wire will become ignited at 
its thinnest part, and even fused. 

Different metals become heated in different degrees, and hence, 
their difference of expansion which increases with the temperature, 
as measured upon a Breguet’s thermometer (§ 144), will afford a 
measure of the exciting cause. 

§ 675. Every part of the wire, when in connexion with the 
two plates, is also capable of exerting a powerful action upon the 
magnetic needle. If the needle be allowed to take its natural position 


If instead of being in immediate con-* 
tact, as in the last figure, the plates be 
connected with the wires, c a, b a, the 
same effects will be produced ; but if 
the metallic communication be inter- 
rupted for a moment at a, all chemical 
action will be terminated. 
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under the directive power of the earth, and the wire be placed above 
it in a parallel direction, the end which points to the north being 
directed towards the silver plate, that end will move towards the 
west, and the needle will tend to place itself across the wire : but if 
the wire be placed below the needle, the same pole will move east- 
ward, and cross the wire in the opposite direction. When the posi- 
tion of the zinc and platinum plates, with regard to the needle, is 
reversed, the direction of the movement of the needle will bo also 
reversed, and its ultimate position will indicate the course of the 
current (139). 

This is not the place in which we propose to inquire into the 
laws of this magnetic action ; it is only at present brought forward 
to demonstrate, that the wire which connects the two metallic 
I)lates in the arrangement which has been described, does in reality 
transmit a force which manifests itself by very energetic actions. 
It has also been applied to the construction of a very delicate 
instrument for measuring the quantities of the extraordinary agent 
which is thus called into activity, without an explanation of which 
it is scarcely possible to proceed. 

§ 676. Every point of the connecting wire equally influences 
the magnetic needle, and the force with wdiich it affects it may be 
doubled by bending it back upon itself, and placing the needle 
between its two parallel branches (140). If a copper wire be bent 


(139) In the annexed diagram, let pn represent the conducting 
wire of the circuit, 7i being in connexion with the silver plate, and p, 
with the zinc plate. 'Let the natural direction of the needle, under the 




influence of the earth, be represented by the arrow, n s, between the two 
circles. When the needle is placed above the wire, 1, its marked pole 
will be deflected towards the west, and when placed below the wire, 2, 
it will be deflected to the east. 

(140) The adjoining figure represents a magnetic needle, freely sup- 
ported upon a point within a rectangle, formed by a wire doubled back, and 
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into a rectangular form^ consisting of several coils guarded from 
metallic contact by being covered with silk, and in the centre of the 
rectangle a delicately suspended needle be placed, each coil will add 
its influence to that of the others, and the needle will be impelled 
by the joint action of all. If such an arrangement, previous to its 
connexion with the active plates, be placed so that the rectangular 
coils be parallel to the needle in the position it occupies under the 
directive influence of the earth, and the connexion be then made, 
the effect will be to occasion such a deviation from the plane of the 
magnetic meridian, as will arise from the balance between the new 
force acting on it and the magnetic force of the earth. The number 
of degrees at which the needle stops, measured upon a graduated 
arc of a circle, will therefore give an approximative measure of the 
intensity of the force exerted by the wire. 

We are not prepared at present to describe the several modes 
by which the force may be determined with perfect accuracy. 

• 

§ 677. An instrument constructed in the manner which 
we have described is called a Gahanometer. Its delicacy may be 
very much increased by employing two needles attached together, one 
above the other, in a parallel direction, with their poles in opposite 
directions. The distance between the needles is such as to allow of 
the upper part of the coil of wires to pass between them ; an open- 
ing being left by the separation of the wires at the middle of the 
coil, for allowing the thread by which they are suspended to hang 
between them. By this contrivance, the directive power of the 
earth upon the astatic needle^ as it is called, is very nearly neutra- 
lized, enough only being allowed to remain to bring it to a constant 
direction, 'when the wire is in a state of inactivity: at the same 
time when thrown into action, both the needles are impelled in 
the same direction. The lower needle being in the situation of the 


placed in connexion with the zinc and copper-plates of a circuit, by the 
mercury cups, p and n. By this 


arrangement the influence of the 
under part of the conducting wire 
is doubled upon the needle : for 
both the parallel lengths conspire 
to deflect it from its natural posi- 
tion in the same direction, and to 
bring it into a position nearer to a 
right angle to the plane of the 
wire. 
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more simple apparatus just described, is acted upon by the forces 
in every part of the coil, while the upper needle is impelled 
by the contrary influence of the upper side of the wire, but in 
the same direction as the lower, on account of the reversed position 
of its poles. 

The needle of an instrument so constructed will be sensibly 
deflected by the immersion of less than Jth inch of zinc wire, 
-gig^th inch diameter, and a corresponding length of platinum wire, in 
a large drop of water acidulated with sulphuric acid. 

The galvanometer may be rendered a still more accurate measure 
by completely neutralizing the influence of the earth upon the 
astatic needle, and substituting the force of torsion to produce the 
equilibrium with the force of the active wire. The ease and accu- 
racy with which the former may be measured, renders it a very 
perfect means of estimating the amount of the latter (141). 

§ 678. Every part of a wire, thus forming a communication 
between a zinc and jilatinum plate immersed without contact in 
the same vessel of acidulated water, whatever the metal may be, is 
endued upon its opposite sides-with the opposite forces which are 
resident in the magnet, and communicable only, as we have hitherto 
found, to iron and nickel. 


(141) The torsion galvanometer of Dr. liitchic is here represented. 

ns is the lower needle, surrounded 
by the coil of wire, and connected 
with the upper needle sn by a 
j)iecc of straw which passes through 
the upper part of the horizontal coil, 
and through a circular card placed 
above it, on which a graduated 
circle is drawn. It is then at- 
tached to the torsion filament, which 
is fixed to a screw, supported by the 
frame of the instrument. The fila- 
ment may be of glass, and the angle 
of torsion, may easily be measured 
upon the graduated card. The 
wires of the coil are easily connected 
with the plates of the circuit, by 
means of the small mercury cups. 
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§ 679. The phenomena which occur when a portion of the 
moist structure of a living animal, or even of one which has been 
a short time dead, is made the medium of communication between 
a zinc and conducting plate, and the circuit is completed by a 
metallic wire, boar testimony to the propagation of some extraor- 
dinary force by the latter. The history of the origin of this most 
important branch of science must, almost necessarily, be included in 
their description. In the year 1790, Professor Galvani of Bologna, was 
accidentally occupied with the dissection of a frog, at the time when 
some other person was experimenting with an electrical machine in 
its neighbourhood, and observed that, whenever the point of his 
scalpel was in contact with one of the crural nerves, and a spark was 
drawn from the machine, violent convulsions were occasioned in 
the limbs. 

W 0 now know that, under these circumstances, the frog formed 
part of a system of bodies under induction, by the polarization of tho 
particles of which, the charge was sustained upon the prime conduc- 
tor ; wdien tho latter was discharged, their state of tension was 
relieved, and in returning to their former state, commotion was 
produced similar to that which takes place with more violence, 
when an animal is placed in the course of the discharge of a Leyden 
jar. In seeking to vary the circumstances of the experiment, the 
explanation of which was unknown to him, Galvani armed tho 
muscles and the nerves with different metals, and found that, when- 
ever a metallic communication was made between the two, similar 
convulsive movements were produced without the cooperation of tho 
electrical machine (142). The new branch of science which sprang 
from this capital observation has been called Galvanism, in honour of 
the mind which discerned tho importance of phenomena of such 
apparently trifling import. 

§ 680. There are many ways now known of varying the 
experiment. By placing a live flounder upon a slip of zinc with a 
shilling upon its back, whenever a metallic communication rs made 
between the two metals by a metallic wire, strong muscular contrac- 
tions are produced in the fish. If a piece of silver be placed upon a 
person’s tongue, and a piece of zinc or lead under it, no effect will 
be observed so long as the two metals are kept apart ; but when 
their ends are brought in contact, a slight sensation, as from a feeble 


(142) The figure in the next page represents the legs of a frog pre- 
pared for Galvanic experiments. The skin is removed, and the crural 
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electrical shock, will be produced, and a peculiar saline taste. If one 
metal be placed between the upper lip and the gums, upon bringing 
their ends together as before, the eyes will be affected as by a flash 
of light. This observation had been made nearly fifty years prior to 
Galvani’s by Sulzer, but excited little attention ; although, perhaps, 
it exhibited the germ of the future science in a more striking 
form; showing what different fruits are produced by accidental 
seeds, when they fall upon a mental soil unprepared for their recep 
tion, and upon one fitted by proper culture. 

§ 681. In those experiments, no effects are observed from 
separate pieces of metal of the same kind, and the contractions are 
most powerful when those metals which are most difficultly acted 
upon by acids are opposed to others which are easily acted upon. The 
fluids of the animal body act the part of the dilute acid between the 
plates in the single circuit. 

§ 682. W e have now to consider how the impulse which is 
derived from the zinc is transmitted through the liquid to the 
platinum ; and how we may account for the extraordinary fact that 
the oxygen of a portion of water combines with the former, while 
the equivalent hydrogen, with which it was associated, is evolved 
upon the distant surface of the latter. 

No visible transfer of the disunited elements takes place, and if 



nerves, a a, are easily found by gently separating 
the muscles on the back of the thighs : 6 is a 
silver wire, passed under both the nerves, by 
which metallic contact is insured. The legs may 
be laid upon a plate of zinc; and, when the 
circuit is completed by a metallic communication 
between the two metals, violent convulsions are 
produced. 
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the vessel which contains the acid be divided by a diaphragm of 
bladder, or a partition of porous earthen-ware, or other substance 
capable of imbibing the liquid, and the two plates be placed on its 
opposite sides, no impediment arises to this extraordinary separation. 

The force must be conceived to travel by a species of convection, 
of which a mechanical illustration again may assist us in forming a 
first notion. When a number of ivory balls are freely suspended 
in a row so as just to touch one another, if an impulse be given to 
one of the extreme ones by striking it with a hard substance, the 
force will be communicated from ball to ball without disturbing 
them, till it reaches the most distant, which will fly off under its full 
influence. Such analogies are but remote, and must not be strained 
too far ; but thus we may conceive that the force of affinity receives 
an impulse in a certain direction, which enables the hydrogen of 
the first particle of water which undergoes decomposition to combine 
momentarily with the oxygen of the ne^t particle in succession ; 
the hydrogen of this again with the oxygen of the next ; and so on, 
till the last particle of hydrogen communicates the impulse to the 
platinum, and escapes in its own elastic form. 

The force thus taken up by the conducting plate, is transmitted 
along the connecting wire, with the phenomena which we have 
described, back to the zinc, and thus the circuit is completed. 

§ 683 , The imperfection of verbal communication obliges us 
to describe these phenomena as successive, whereas they are in 
reality almost contemporaneous. The generated force is commonly 
described as a current, as of some imponderable fluid, flowing from 
the zinc through the liquid to the platinum, and back again through 
the wire to the zinc. The current may as easily be conceived to be 
made up of a succession of impulses, communicated to a distance 
through appropriate conductors, as of the perpetual generation of a 
fluid ; so, on the other hand, the vibrations of an elastic body might 
be deemed a current of mechanical foVce, and all the phenomena of 
sound explained upon the hypothesis of an acoustic fluid. 

The expression, however, of a current is very convenient, and 
when thus guarded cannot well lead to misapprehension. 

§ 684. The amount of force set in circulation, as measured 
either by the zinc consumed, or the hydrogen disengaged, in given 
times, or by their instantaneous heating or magnetic effects, is 
dependant upon the surfaces of the plates immersed in the liquid, 
supposing them of equal sizes and at equal distances from each 
other. The amount also decreases with the distance of the plates. 
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§ 686. If plates of a certain extent of surface, instead of 
being immersed in one cell of liquid, be cut into several equal pairs 
and placed in separate cells, and all the zinc plates be connected 
together by metallic wires, and all the platinum similarly con- 
nected, no action will ensue till the two series also are connected 
together by another wire ; but when this has been effected, the 
amount of circulating force will be sensibly the same as before. 
A galvanometer placed between any two similar plates, will indicate 
that the current passes from one to the other, and when placed 
between the opposite sets, that the currents of all are united in its 
wire. When arranged in this manner, it is not essential that all the 
pairs should be of the same dimensions, for the actions of all, how- 
ever unequal, may thus be combined. 

§ 686, It is obvious that a second zinc plate cannot perform 
the functions of a conducting plate to the first, because it will itself 
tend to generate a current of exactly equal power in the opposite 
direction, and the powers at the two places of action being in direct 
communication will be balanced against each other through tho 
medium of the metals, in a manner analogous to that in which 
mechanical forces are balanced against each other by the interven- 
tion of tho lever. But any metal which has a stronger affinity for 
oxygen than platinum, provided it be less than that of zinc, may be 
substituted for it. Thus, copper when opposed to platinum is 
capable of generating a feeble current ; but when opposed to zinc 
will become an efficient conducting plate. Its attraction, however, 
for oxygen, though counteracted, will act as an antagonist force and 
check the current, 

§ 687. As current affinity is thus liable to be checked in its 
course by the tendency of an opposing affinity, so may it be assisted 
by the more speedy removal from its circuit of the disengaged hydro- 
gen which, by its adhesion to the conducting plate, still acts as an 
obstruction to the force ; though not to the same extent as when 
evolved upon the generating plate. This may be effected by the 
addition to the liquid of a portion of nitric acid ; and in this case 
no hydrogen will be given off, and the energy of the current, as 
manifested by its heating and magnetic powers, will be greatly 
increased. After allowing such a charge to neutralize itself, by its 
action upon the zinc, and evaporating the solution of the salts 
which are formed, the addition of lime will disengage abundant 
fumes of ammonia ; thus proving that, not only has a portion of the 
hydrogen combined with the oxygen of the acid to form water, but 
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that another portion has combined also with the nitrogen to consti- 
tute the volatile alkali. 

§ 688. The hydrogen may also be removed by the action of 
metallic oxides; for, when under the restraint of adhesion, it is capa- 
ble of deoxidating and reducing the metals from their saline solutions. 
A little additional arrangement is, however, necessary to effect this 
with precision. If a solution of sulphate of copper be merely added 
to the liquid in the cell which contains the two plates, after the 
circuit has been completed, the platinum plate will speedily become 
coated with reduced copper ; but a portion of the metal will also be 
precipitated upon the zinc plate, owing to the hydrogen which still 
adheres to its surface from tho local action : the consequence will 
bo that strong local action will take place upon the surface of the 
zinc plate, owing to small circuits formed with the copper which 
attaches itself to it. 

If the cell, however, be divided into two equal parts by a dia- 
phragm of bladder, or porous earthenware, and the sulphate of copper 
bo added only to that division which contains the conducting plate, 
the current will ]n’oceed with increased energy, and the hydrogen 
will be completely absorbed. 

§ 689. Notwithstanding the extraordinary modification which 
the force of affinity undergoes in these combinations, everything is 
limited by the laws of definite and equivalent proportions. For 
every 32 grains of zinc expended in the generation of tho force, 40 
grains of oxide of zinc and 80 grains of sulphate of zinc are formed, 
and 1 grain of hydrogen is evolved ; or else 80 grains of sulphate 
of copper and 40 of oxide of copper are decomposed, and 32 parts 
of metallic copper are precipitated by the combination of 8 grains 
of oxygen with 1 grain of hydrogen. 

Moreover, if we compare these effects of chemical force with tho 
effects produced by the associated forces, wo shall find that, if a cer- 
tain amount of these compositions and decompositions take place 
in a given interval of time, a corresponding effect will be instanta- 
neously produced, either upon the magnetic or calorific galvanometer ; 
and if the chemical effects be augmented, the heating and magnetic 
effects will be proportionately increased. 

§ 690. Tho local circuits which we have just poiqted out as 
formed by the precipitation of the copper upon the zinc plate, when 
not protected by a diaphragm, will now explain the action of zinc 
in its ordinary state, upon dilute sulphuric acid. Perfectly pure 
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zinc acts exactly the same as the amalgamated metal, its surface 
becomes covered with bubbles of hydrogen, which adhere to it, and 
put an end to the process of decomposition ; but particles of iron, 
copper, and other metals which are met with in the zinc of com- 
merce, constitute so many points to which the hydrogen is directed 
by the influence of small local circuits, and the action proceeds. 
This local expenditure of force does not interfere with that which 
passes in the principal circuit, and common zinc may be employed 
for the construction of such circuits, although the metal which is 
expended in the local action is wasted for the main purposes of the 
combination. 

§ 691. That the circulating force depends entirely upon the 
decomposition of the water, and the composition of oxide of zinc, 
and that the sulphuric acid acts only a secondary part in the removal 
of the latter, is proved by substituting potassa for the acid. The 
action in this case will proceed in the same direction, but more 
slowly ; and the hydrogen evolved upon the conducting plate, will 
still bo equivalent to the oxygen combined with the generating 
plate. 

The affinities of other substances maybe thrown into circulation, 
and when solutions of hydriodic, or muriatic acid, are substituted 
for water acidulated with sulphuric acid, iodides or chlorides of zinc 
are formed, and their hydrogen is directed to the conducting plate. 
The conditions of this efficiency we shall advert to more particularly 
hereafter. 

§ 692. The most energetic affinity unaccompanied by decom- 
position cannot, however, be thrown into circulation. The simple 
and direct combination of zinc with oxygen pannot be made to 
produce any of the effects of a current, and the decomposition of 
water, no less than the composition of oxide of zinc, is necessary to 
this result. 

The affinity of zinc for chlorine is so great, that the metal will 
spontaneously ignite when introduced into the gas, but zinc and 
platinum have been properly disposed together in liquid chlorine 
without producing the slightest current. It does not excite a cur- 
rent through the two plates by combining with the zinc, for its 
particles cannot transfer the force which is active at the point of 
combination, across to the platinum. It is not a conductor of itself, 
like the metals ; nor is it capable of transmitting the force by that 
species of convection which we have just described (§ 682) ; and, 
hence, there is simple chemical action at the spot, and no current. 
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The metals themselves, though excellent conductors, cannot 
alone be made to transfer the force from the point of generation to a 
distance. Melted lead and tin are capable of combining with plati- 
num with groat energy and the evolution of light and heat ; but if a 
bent tube be filled with melted tin, and one extremity be put into 
metallic communication with one wire of a delicate galvanometer, 
and a similar communication be made between the other and a 
plate of platinum, which is afterwards immersed in the tin, the 
needle will be affected in a slight degree at the first application of 
the heat, from a cause which will be hereafter pointed out, but will 
be no further disturbed when the energetic action between the two 
metals comes on. ^ 

§ 693. The affinity of secondary combination may also bo 
thrown into circulation ; and if a neutral salt be dissolved in water, 
and made the medium of communication between a zinc and plati- 
num plate, the acid will pass with the oxygen of the water to the 
former, and the base with the hydrogen to the latter, where each 
may be detected by the proper reagents. 

§ 694. For the purpose of establishing a current of affinity, it 
is necessary that the divellent substance be a conductor of electricity, 
otherwise the force which is developed upon different points of its 
surface can never travel back to those points from the conducting 
wire in which it has been collected. But the same metal may per- 
form the functions both of a generating and conducting plate, 
provided one portion of its surface be immersed into a liquid which 
it is capable of decomposing, while another is plunged into a liquid 
to which it is indifferent : both liquids being also in contact with 
each other. 

If a glass tube, of about an inch diameter, be bent into the form 
of the letter U, and the two legs be separated by a plug of clay, 
plaster of Paris, or other porous material, upon filling one leg with 
solution of sulphate of copper and the other with acidulated water, 
and dipping one end of a bent strip of copper into the first, and the 
other end into the second, a circuit will be formed. The extremity 
in the acid will be slowly oxidated and dissolved, and the opposite 
extremity will become coated with reduced copper, from the action 
of adhering hydrogen ; and if the strip be divided in the middle, 
and again connected by the wires of a galvanometer, the needle will 
be deflected in the same direction that it would have been by a zinc 
plate in the acid. If a solution of potassa or soda be substituted 
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for the solution of sulphate of copper, and a slip of zinc, or tin, or 
some other metal, be substituted for the slip of copper, a current 
will also bo established (143). 

The arrangement of the circuit may be more simple still ; for if 
some solution of sulphate of copper be poured into a straight glass 
tube, and some acidulated water upon it, so as not to mix the two 
liquids, upon immersing a strip of copper into both, the lower part 
will become covered with precipitated copper, while the upper will 
be oxidated and dissolved. 

§ 695. The command which wo thus obtain over the force of 
affinity; the power of regulating both its quantity and the duration 
of its action; the possibility of directing the evolution of some of 
the most energetic agents at particular points ; and especially the 
disengagement of hydrogen in a state which enables its all-powerful 
affinities to act upon surrounding compounds, may be applied to the 
production of compositions and decompositions which cannot be 
effected by the more confined and sudden energy of local action. In 
the simple apparatus of the bent tube, which has been just described, 
if one leg be filled with a solution of common salt, and the other 
with some solution of a metallic salt, and a plate of zinc be immersed 
in the first, and a plate of platinum in the second, on completing 
the circuit by the metallic communication of the two plates, the 
metal will be reduced upon the latter. On account of the slowness 
and regularity of the operation, it will often assume the form of 
small crystals of the greatest regularity and beauty. Thus, when 
proto-chloride of iron is submitted to the process, after some days, 
the iron will be precipitated in very small tetrahedral crystals, 
which are sometimes so closely grouped together, as to have the 
appearance of having been melted upon the platinum. Even the 
oxides of those metals which have the strongest attraction for 
oxygen, may be reduced by the same slow process. If chloride of 



(143) The annexed figure represents the glass 
tube bent in the manner described in the text. If 
the lower part be stopped with plaster of Paris, and 
solution of sulphate of copper be poured into one 
branch, and dilute sulphuric acid into the other, by 
immersing a slip of copper into each, and connecting 
the two ends n and p with a galvanometer, a current 
will be indicated. 
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zirconium, mixed with a small quantity of chloride of iron, be ope- 
rated upon, the platinum plate slowly assumes a gray tint, and, at 
the expiration of twenty-four hours, brilliant scales of a steel-gray 
colour will be perceptible. These scales undergo no change in the 
solution, BO long as they are under the influence of the current ; but 
when they are withdrawn, they rapidly oxidate either in the air or 
in water with the disengagement of hydrogen, and fall into a white 
powder. 

The skilful application of these means has enabled M. Bec- 
querel to obtain a variety of crystallized’ compounds of difierent 
substances, which are sometimes found in nature, but were never 
before produced by art. 

§ 696. Mr. Golding Bird has lately improved the apparatus 
by which the circulating force may be directed to the production of 
these effects. A glass cylinder, 1.5 inch in diameter, and 4 inches 
in length, is closed at one end by a plug of plaster of Paris, .7 inch 
in thickness; this cylinder is fixed by corks inside a cylindrical 
glass vessel, about 8 inches deep and 2 inches in diameter. A piece 
of sheet copper, 6 inches long and 3 inches wide (having a copper 
conducting wire soldered to it), is loosely coiled up and placed in 
the small cylinder ; a piece of amalgamated zinc, having also a con- 
ducting wire soldered to it, is placed in the larger external cylinder. 
The latter is then filled with a weak solution of common salt, and 
the former with a saturated solution of sulphate of copper. When 
the two plates are placed in connexion with the wires of a galvano- 
meter, a feeble current will be indicated, and, after being in action 
some weeks, chloride of zinc will bo found in the external cylinder, 
and beautiful crystals of metallic copper adhering to the copper 
plate in the smaller cylinder. 

Instead of the galvanometer, this piece of apparatus may be 
connected wdth another apparatus, the counterpart of the first ; the 
zinc being put into metallic communication with a platinum-plate 
in the interior cylinder, and the copper with a zinc-plate in the 
outer, the outer cylinder of this second arrangement may be filled 
like the second with the weak brine, and, in the inner cylinder may 
be placed the solution of the oxide, which it is intended to reduce by 
the agency of the hydrogen, which will be slowly evolved upon the 
surface of the platinum. Metallic manganese and nickel may thus 
be obtained from their chlorides ; and silicon from a solution of its 
fluoride in alcohol. Potassium and sodium, ' in combination with 
mercury, may even bo obtained in such an apparatus, by placing 
solutions of their chlorides in contact with that metal. 

2 E 2 
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§ 697. If a solution of muriate of ammonia be placed in the 
decomposing cell, with mercury in contact with the platinum plate, 
a curious and striking result is obtained, upon which much hypo- 
thetical speculation has been expended. After a few hours, the 
fluid metal swells up to five or six times its former bulk. Upon 
removing it from the cell by means of the plate to which it adheres, 
it is found to be of a buttery consistence, and to possess a dull, 
silvery, colour, like a metallic amalgam. Upon being immersed in 
water, it slowly gives off hydrogen; the mercury returns to its 
former state, and a solution of ammonia is obtained. 

§ 698. It has been, and is still, maintained by high autho- 
rities, that this product is a real metallic amalgam ; and there are 
two views of the nature of the metal with which the mercury is 
supposed to be combined. According to the first, nitrogen is sup- 
posed to be a body compounded of a metal and oxygen, which is 
decomposed by the current, the metal being evolved upon the 
mercury, and combining with it. When thrown into water, it 
takes oxygen from it, and nitrogen is reproduced, which, with 
part of the hydrogen, forms ammonia, and another part escapes. 
Every effort has, however, failed to produce this supposed metal in 
the separate state. 

§ 699. The second view ingeniously supposes that ammonia 
(N + 3 H) unites with an additional equivalent of hydrogen to con- 
stitute a metal (N + 8 H) -l-H, which forms the amalgam with the 
mercury. This imaginary compound has been named ammonium; 
and this hypothesis has be en carried so far as to consider the 
oxide of ammonium N -f 4 H -f O to be the base of all the salts of 
ammonia. As these salts generally contain 1 equivalent of water, 
their analysis will not contradict the assumption for N + 4 H + O 
= (N + 3H) +(H -hO). 

This, at present, nunnecessary complication has unfortunately been 
introduced into some elementary works of first-rate merit, and tends 
to perplex the minds of students. 

§ 700. The phenomenon itself is perfectly explained by the 
force^of adhesion, by which the elasticity of the hydrogen and ammo- 
niacal gases is restrained by the mercury, and which, reacting upon 
the cohesion of the metal, causes it to expand and increase its 
volume. 

A similar instance of the union of a gaseous body with a liquid 
metal, is presented to us by silver. This metal, at a white heat. 
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absorbs oxygen in large quantities, without forming a definite 
chemical compound, and gives it off when it solidifies. Its bulk 
contracts to such an amount as often, from the sudden compression 
of the gas, to throw particles of the metal out of the crucible. 

§ 701. In the phenomena of current affinity, which we have 
hitherto considered, the generating and conducting plates have been 
assumed to bo of the same dimensions, but the relative size and 
position of these surfaces are important circumstances in the arrange- 
ment, and greatly influence the amount of force thrown into 
circulation. 

Upon examining a plate of platinum, which has been separated 
from a zinc plate by a diaphragm, in the manner before described, 
(§ 688), and surrounded with sulphate of copper, after it has been 
thrown into action, it will be found that the reduced copper has not 
only been precipitated upon the face opposed to the zinc, but upon the 
back surface also ; proving that the force which impelled the hydrogen 
has not only been directed in straight lines between the two plates, 
but in lines which must have bent round the edges of the conducting 
plate. It will also be found, upon making the experiment, that, in 
any pair of plates, the size of the zinc may be reduced to a mere 
wire without decreasing the effect, provided the dimensions and 
position of the platinum plate remain unaltered. This spread and 
direction of the force is a highly interesting subject of inves- 
tigation. 

§ 702. If a large silver, or brass, plate, at least a foot square, 
be placed in a shallow trough and covered with dilute sulphuric 
acid, to which a portion of sulphate of copper has been added, and 
an amalgamated zinc wire, of about one-eighth inch diameter, be 
allowed to rest by one of its ends upon its centre, the instant the 
two metals come into contact, a circular spot of reduced copper will 
be thrown down, and rapidly spread itself in such a way that, in a 
few hours, a well-defined circle of six inches in diameter will be 
formed. When the experiment is made by enclosing the zinc wire 
in a glass tube, the lower end of which is covered with bladder and 
filled with the dilute acid, so as to prevent the immediate contact 
with the plate, provided a good metallic contact be made by means 
of a conducting wire with any other part, the precipitation will still 
proceed from the point immediately under the wire as from a centre. 

Again. — If a small piece of zinc, whose length is somewhat 
greater than its width, be soldered to the centre of a silver plate of 
about six inches square, and it be placed perpendicularly in a jar. 
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and covered with the solution of copper in acidulated water, the 
copper will immediately precipitate itself upon the silver in the form 
of an oval surrounding the zinc, and gradually extending itself 
equally on all sides, will, in a few hours, reach the edge of the plate. 
It will then make its appearance upon the opposite surface, till, ulti- 
mately, both sides are coated; the deposition, however, decreasing 
in thickness, as it recedes from the central zinc. 

§ 703. This effect of a small generating surface upon a large 
conducting one, is strikingly contrasted with the result, when we 
reverse the circumstances of the arrangement; for, by causing a 
platinum wire to rest by one end upon a large surface of amalga- 
mated zinc, covered with the acidulated water, hydrogen, of course, 
escapes from the former metal ; but the oxidation of the latter is so 
limited that a hole is eaten through it at the point of contact. 

§ 704. This influence was most ingeniously applied by Sir 
Humphry Davy, to the prevention of that corrosion of the copper 
sheathing of ships, which takes place in salt water to such an extent 
as to be a matter of national concern. By placing masses of zinc or 
cast-iron upon the ships’ bows, and near the stern, in contact with 
the copper, and exposing a surface of not more than xJ-erth of that 
of the latter metal, it was completely protected. Unfortunately, 
however, along with the hydrogen, which was thus diffused over 
the surface of the copper, a quantity of the earthy bases of the saline 
compounds which arc contained in sea water, were determined to the 
same surface, and formed a crust, which is most favourable to the 
adhesion of weeds, and of certain marine animals, which impede the 
sailing of a ship. On this account, the use of the protectors was 
given up; but probably too hastily, for, by insulating the generating 
metal, it would be easy to contrive the means of bringing it into 
activity, by a temporary connexion, at such times only as its influ- 
ence could not fail of being beneficial. 

§ 705. From the disposition which is manifested by the 
force, in these experiments, to spread itself equally in all directions 
from an active centre, it might be concluded, that the most simple 
and perfect combination of this kind \^ould probably consist of a 
solid sphere (or rather active point) of a generating metal, sur- 
rounded by a hollow sphere of an inactive conducting metal, with 
an intervening liquid, capable of decomposition by the former, and 
not by the latter; the circuit being completed by a conducting wire 
properly disposed for connecting the two metals. The properties of 
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such a circuit may be submitted to experimental examination, by 
means of the folloyv^ing arrangement. 

Two hollow hemispheres of brass are fitted together water- 
tight, by means of exterior flanges half an inch wide, and a collar 
of leather, and thus form a sphere, the interior diameter of which 
is 9^ inches; consequently exposing a surface of about 268.8 
square inches. The lower hemisphere is fitted into a frame car* 
Tying buttons by which the upper can be securely wedged down 
upon it ; and underneath these is a small cock, by which any liquid, 
in the interior may bo drawn off. The upper part of the upper 
hemisphere terminates in a tube of about one inch in length, forming 
an opening through which a membranous bag may be introduced, 
and from which it may be suspended. This bag is then charged 
with a mixture of sulphuric acid and water, consisting of one 
measure of the former and eight of the latter, and the unoccupied 
part of the sphere is filled with the same mixture, saturated with 
sulphate of copper. 

§ 706. When a small sphere of amalgamated zinc, of one 
inch diameter (and exposing, therefore, a surface of 3.14 square 
inches), is suspended by moans of a well-varnished copper wire in 
the centre of the sphere so arranged, and the other extremity of the 
wire is connected by the intervention of a galvanometer with the 
outside of the upper hemisphere, the needle will be deflected to a 
certain amount, say 60°, and will remain quite steady for many 
hours. If the apparatus be tlien opened and examined, the upper 
hemisphere will be found coated with a beautiful deposition of pink 
copper. The lower hemisphere, which was cut off from metallic 
communication with the upper by the collar of leather, will have no 
such precipitate upon it. 

§ 707. If the sphere be then put together again, and charged 
as before, and the circuit be closed a.^ in the last instance, with the 
upper hemisphere, the deviation of the needle will of course be the 
same. If the connexion be then broken with the upper hemisphere, 
and made with the lower, the deviation will still be 60°, and when con- 
nexion is made at the same time with both hemispheres, the position 
of the needle will not alter. If, while in this state, either wire be 
lifted singly from its connexion with either hemisphere, the needle 
will remain perfectly steady. 


§ 708. Upon bringing the conducting wire of the lower hemi- 
sphere into direct communication with that of the zinc ball, while 
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the wire of the upper hemisphere ‘is oonaected as before with the 
galvanometer, or ^ice versa^ the needle will only recede to 40®. 
From this it appears that, although the whole amount of the force 
Originating^t the zinc is capable of passing off by means of either 
hemisphere singly, when both passages are open, it distributes 
itself between the two, notwithstanding an additional resistance 
is interposed in one by the addition of the galvanometer. Extra 
contacts with different parts of the two hemispheres make no 
difference in any of these results. 

§ 709. When the sphere is opened, after it has been in action 
for some time w'ith both the hemispheres connected, an equal coat- 
ing of copper is found equally diffused over each. There will be no 
greater accumulation of the precipitate about the points with which 
the conducting wires were brought into immediate contact, and 
towards which the force diffused over the sphere must have con- 
verged, than at any other point ; proving that the force which must 
have diverged from the centre equally through the liquid, could only 
have drawn towards ihe conducting wires in the conducting sphere 
itself. 

If two zinc balls be placed in the position of the single one, or if 
a rod of the same amalgamated metal, six inches in length and half 
an inch in diameter, be substituted for it, the increase of the gene- 
rating surface will make very little difference in the amount of the 
circulating force. 

§ 710. If, when both the hemispheres are in metallic com- 
munication, the position of the zinc ball within bo varied, it will be 
found that, whatever be the change, no difference in the result will 
ensue. Whether it be ])laccd at the bottom of the membrane almost 
in contact with the sphere, or drawn up nearly to the top, or again 
placed in the centre, no appreciable alteration in the galvanometer 
will be found. 

§ 711. The diffusion of the preci})itated copper is, however, 
very much influenced by the position of the ball ; when near the 
top or the bottom it is thrown down in a compact layer on the seg- 
ment immediately in its vicinity, and becomes thinner and thinner 
over the more remote parts of the sphere. To observe this effect 
with the greatest distinctness, the action in each case must not be 
allowed to continue more than ten or fifteen minutes ; for the depo- 
sition becomes compact in every part in a longer time, when it is 
not so easy to judge of the different degrees of thickness. 
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712. If we ims^ine a luminous point .placed in the same 
way within an opaque hollow sphere, we know that in every position 
its intensity would remain the same, but only from the centre would 
its light be equally diffused ; and when approximated towards any 
part of the surface, that part would be more strongly illuminated 
than the others from which it had receded. 

Hence it is probable that the force generated in these combina- 
tions, where it is limited in its diffusion by the concave surfaces of 
spherical forms, follows in its action the law of radiant forces^ that 
is, its intensity is as the inverse square of the distance (§ 27) ; but 
we know at the same time that it is not a simple radiant force, like 
that of gravity, but a molecular force, propagated from particle to 
particle of matter, and possibly modified by other forces with which 
the same particles may be endowed. 

We have already found the force bonding its way round the 
edges of a conducting plate, as indicated by the copper precipitated 
upon its posterior surface, in a way which cannot be explained by 
the hypotheses of simple radiation. This action may receive some 
further elucidation from the following experiments : — 

§ 713. A circular plate of copper, of the same diameter as 
the brass sphere, was placed in a pan, and covered with a depth of 
4^ inches of the acid solution of copper. A wire, well covered with 
varnish, projected from it, by which it was connected with a calo- 
rific galvanometer, the other extremity of which was in connexion 
with a zinc ball of Ig inch diameter, placed in a membranous bag 
of acid over the centre of the plate. When the ball was just 
immersed below the general level of the solution, the instrument 
marked 82°, when in the middle 92°, and at the bottom, close to 
the plate, 105°. 

After these experiments the copper was found diffused over 
both sides of the plate, but did not quite extend to the centre of the 
under side. 

§ 714. The upper surface of the plate having been thoroughly 
covered with lac-varnish, the experiment was repeated with the 
following results : — 

Ball at top .... 69° 

„ middle • . .75° 

„ bottom . . . 70 ° 

The precipitated copper was here found deposited upon the under 
side, in a ring about two inches in breadth from the edge, and there 
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was very little in the centre of the plate and none upon the upper 
surface. 

The under surface was then covered with the varnish, and the 
clean upper surface exposed, with the following results : — 

Ball at top .... 73 ® 

„ middle . . . 83® 

bottom . . . 93® 

§ 715. Hence it appears that the under surface, which by 
itself is capable of sustaining an action from the ball in the centre 
of the solution nearly as great as the upper surface, when combined 
with the latter, adds no more than 10% or about one-eighth, to its 
efficiency. It appears also that, whereas with the upper surface 
the action increases in some inverse ratio of the distance of the 
generating from the conducting surface, with the under surface 
there is a maximum point, on both sides of which it decreases. 
This point is doubtless dependant upon the angle at which the force, 
which radiates (as it were) from the ball, meets the edge of the 
plate. 


§ 716. Next in simplicity to the arrangement of the con- 
centric spheres of generating and conducting metals, is that of a rod 
of zinc within a cylinder of copper. When the latter is six inches 
in height, and eleven inches in circumference, and the rod of the 
former, of the same height and half an inch in diameter, is placed in 
a membranous cell in its interior, the whole being charged with 
acid and solution of copper as before, the amount of circulating force 
is the same as in the sphere before described. When a ball of one 
inch diameter was placed in the centre of the cylinder as a substi- 
tute for the rod, the amount was only decreased one-twelfth, and 
two such balls were fully equal to the rod. This arrangement is of 
course much more convenient for the purposes of experiment than 
the former. 

§ 717 . When these dispositions are reversed so that the 
sphere or the cylinder may be of amalgamated zinc, and the interior 
ball, or rod, of copper, the membranous cell being filled with the 
solution of copper, and the diluted acid next to the surface of the 
zinc, the amount of force is reduced to one-half ; but no change is 
produced upon varying the position of the conducting ball within 
the sphere, so that the same law of distance is maintained as 
before. 
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§ 718* Now, it is curious to observe how chemical affinity in 
all these experiments waits upon the conducting and collecting 
power. The strong attraction of zinc for oxygen is held in complete 
check till a passage is open for the circulation of the force and the 
transfer of the hydrogen ; and its efficiency is entirely dependant 
upon the facility of the passage ; for it must not be forgotten that a 
double effect indicated by the galvanometer implies a double oxi- 
dation of the zinc, and a double reduction of the copper, in the same 
time. 


§ 719. In all the arrangements which we have described, one 
portion of the circuit has consisted of a liquid compound, opposing 
the transmission of the force in proportion to the thickness of the 
stratum which it has to traverse, and the other of a metallic con- 
ductor, the opposition of which is scarcely appreciable in the com- 
parison ; let us now inquire whether the current may not be made 
to travel, both from its source and back again, by liquid conduction ; 
whether a second portion of a compound liquid might not be sub- 
stituted for the conducting wire in closing the circuit. 

If we connect two cells together in such a way that the zinc 
plate of one may be in metallic communication with the zinc plate 
of the other, and the platinum with the platinum, it is clear that 
each generating plate would tend to form a current; and the two, as 
regards a circuit, would be in opposite directions. The force which 
would be transferred from the zinc to the platinum of the first, can 
only return by passing from the platinum to the zinc of the second, 
and is balanced by the tendency of an equal force to pass from the 
zinc to the platinum of the same cell (144). 


(144) The annexed sketch represents two cells 
placed one above the other, the zinc plate of the 
lower being a continuation of that of the upper, and 
the platinum plates of both being also united toge- 
ther. Under these circumstances a current tends to 
pass from z to p in the upper cell, in the direction of 
the arrow, and to pass down from p to p ; but it is met 
by a counter tendency of an opposite current in the 
lower cell to pass from z to p, and to ascend from p 
to p. These two counter tendencies being exactly 
equal, neutralize each other, and no current can be 
established. 
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§ 720. If we remove all active tendency in one of the cells 
by the substitution of a second platinum plate for the zinc, still the 
current of the other will not be able to force its way ; for it can only 
pass from the conducting plate to which it must be consigned by 
the first portion of liquid, by the decomposition of the second portion 
of liquid, and the transfer of the force from particle to particle ; and 
the affinity of the oxygen and hydrogen has to be overcome. The 
divellent force which tends to pass is only equivalent to that which 
unites the particles of oxygen and hydrogen together, and therefore 
insufficient to overcome that force in the quiescent state. 

§ 721, But if in the second cell we can interpose some liquid 
compound between the plates whose constituent particles are held 
together by an affinity of a lower degree of intensity than those of 
the first liquid, the superior force will overcome the inferior and the 
current will be established. Thus if one of the cells be charged 
with acidulated water, and the other with solution of hydriodic acid, 
or iodide of potassium, the iodine will be disengaged in that cell 
upon the platinum plate, and the hydrogen and the potassa upon 
the zinc plate, or the platinum plate which has been substituted for 
it ; in a direction, that is, contrary to that of the natural affinity of 
the zinc and iodine (145). 

The fact may be shown by the addition of a little solution of 
starch to the charge when the precipitation of the iodine will be 
very visible. It may be more simply shown by connecting the two 
conducting wires of an active cell with two platinum plates, and 
placing between them a fold of white bibulous paper, and another 
coloured with turmeric, both being moistened by solution of iodide 
of potassium, and the latter in connexion with the zinc plate, w^hen 
a yellow spot will be produced upon the white paper by the iodine 
disengaged, and a brown spot upon the yellow by the potassa (146). 


(145) Referring back to the last figure, if we imagine the upper 
cell to be charged with acidulated water, and the lower with hydriodic 
acid, , the current from z to p in the upper cell originating from an affinity 
of a hfgher degree of intensity than that which tends to form a current 
from z to p in the lower, will force its way against the opposing force, 
and complete its circuit from z to p, from p to p, and return from p to z 
and from z to z, throwing down the iodine upon p, and evolving its 
equivalent hydrogen upon z, contrary to the order of the usual affinity. 

(146) The simple apparatus with which Dr. Faraday first made this 
important experiment is depicted in the next page. A clean plate of zinc. 
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§ 722. But the amount of force which thus makes its way 
against the opposing affinity, is far below that which circulates when 
a metallic path is opened for it, and such obstructing forces are not 
brought into action ; as may be shown by interposing a galvano- 
meter in the circuit, or by the amount of hydrogen disengaged in 
the generating cell. 

§ 723. The affinities which we have thus found to oppose 
one another in the arrangement of the two cells which we have just 
described may be made to concur ; and to produce very important 
results. If instead of connecting together the two zinc plates and 
the two platinum, each zinc be connected with the platinum of the 
other, the circuit will be complete, and the force will circulate with 
increased intensity. We may suppose it to commence its course by 
setting out from the generating plate of the first cell, to traverse the 
liquid in the way which we have described, and to enter the con- 
ducting plate from which it is led by the connecting wire to the 
generating metal of the second cell. Here a similar current is 
setting out on its course through the second portion of liquid to the 
second conducting plate with which it concurs, and the joint im- 
pulse passes from particle to particle, and is communicated to the 
metal by which it returns to the first plate, and the exalted force is 
equalized throughout the current (147). The number of particles 
engaged in the generation and the transfer of the current force, 
and the amount of decomposition in each cell is not increased by 
this repetition, but the force associated with them is raised in 
intensity. 

Any number of cells may be thus connected by their alternate 
generating and conducting plates ; but no effect will ensue till the 
platinum of one end of the series is put into communication with 


a, was bent to a right angle, and a plate of platinum, 6, 
was fastened to a platinum wire, which was bent as in 
the figure at j?, a piece of filtering paper, moistened in a 
solution of iodide of potassium, was placed on the zinc, 
and was pressed against the end of the platinum wire. 
When the plates thus arranged were dipped into the 
vessel, c, charged with dilute sulphuric acid, mixed 
with a little nitric, iodine was immediately thrown 
down against the platinum wire. 



(147) The figure overleaf represents the elementary battery (1 44) with 
its plates differently arranged. K we suppose the current to set out from z. 
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the Zinc of the other end : but when the circuit is thus completed, 
the force will circulate with an intensity proportionate to the 
number of the cells. 

§ 724. The effects of this exalted condition of the force may 
be shown in different ways. If instead of a cell with a generating 
and conducting plate arranged in the proper order, one with a pair 
of inactive platinum plates be interposed in a circuit of ten alter- 
nations, the current will be checked, but not stopped in its course ; 
it will pass through the inactive cell with the decomposition of the 
liquid, the oxygen being evolved upon the plate which occupies 
the position of the zinc, and the hydrogen upon the opposite plate. 
If instead of this inactive cell, an active one be introduced with 
the position of its plates reversed, there will bo a tendency in that 
cell to generate a current in the opposite direction to that of the 
other cells ; but this additional force will be overcome; and so deter- 
minate is the direction of the impulse which the elements receive, 
that hydrogen will be given off upon the surface of the zinc, in 
opposition to the strong attraction which we know it to possess 
for oxygen. The current will be able to overcome a number of 
such obstructions proportionate to the number of concurring cells. 

§ 725. The force in this state of intense activity, will also 
overcome obstacles in a different way. Whatever the quantity may 
be which is sot in circulation in single circuits of largo extent, 
though sufficient to ignite and fuse platinum wire of considerable 
thickness, the slightest break in the continuity of the conductor 
will stop the current, but when its energy has been elevated by the 



in the upper cell, and to pass in the direction of the 
arrow to p, it will continue its course from p to z, in 
the lower cell, when it will fall in with a current 
setting out from z, and passing in the same direction 
to p. From p, it will return to the upper z, and the 
circuit will be complete. Although this action is 
necessarily described as progressive^ it is not so in 
fact ; but the exaltation of force which results from 
this repetition of the circuit takes place in every part 
of it at the same moment. 
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repeated impulses of a series, it will project itself through an 
interval of air in the form of the most dazzling fire, and thus com- 
plete its circuit. It will also pass in the i^ame splendid form 
between two metal or charcoal points in pure water. 

.§ 726. Any obstruction, however, of whatever kind, reacts 
upon the whole chain of affinities, and no inequality can possibly 
exist in different portions of the current, whether in its passage 
through the liquid, or the solid conductors. 

This, as well as some other points of interest, may be well illus- 
trated by a circular arrangement of ten cells, each provided with a 
pair of platinum and amalgamated zinc plates, which admit of being 
combined together by conducting wires in different ways. Over 
each platinum is suspended an inverted graduated glass jar, which 
is filled with the same dilute acid as the cell, in which the disen- 
gaged hydrogen may be received and measured (148). 

However accurately it may be endeavoured to assimilate the 
cells to each other, it will be found that when connected as single 
circuits, either singly or together, the action of each will differ; 
but upon connecting them so as to form a single circular series, 
the inequalities will disappear, and the amount of gas from each 
in equal times will be equal. When the cells are combined 
together in pairs, two adjoining platinum plates being connected, 


(148) A single cell of this dis- 
sected battery is here represented. 
V w X z z y, is a glass cell, resting 
by its wide rim in a circular hole 
in the stand CD. ij is a zinc 
plate, connected by a wire passing 
through the stopper ab c d, with 
the mercury cup, o, on either side 
of which is a platinum plate, both 
of which terminate by wires in the 
mercury cup, p. Either of these 
may be used singly by removing 
the other. The different con- 
nexions of the plates with the as- 
sociated cells, may easily be made 
by wires passing between the mer- 
cury cups. 



The whole arrangement of the ten cells, with the graduated glass jars 
is exhibited in the next figure. They are placed upon a stand, abcdef, 
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and two corresponding zinc plates ; and the five pairs are afterwards 
arranged in series by wires, leading from each pair of zinc to the 
next pair of platinum, the irregularity of the action will again 
disappear. The arrangement is equivalent to a series of five plates 
of double the standard size, and the amount of force which circu- 
lates is determined by the least efficient pair. 

Leaving one pair of cells thus connected, if the others be dis- 
united and recombined with it in single series ; the effect will be 
that of a plate of double size, interposed in a compound circuit with 
eight single. The gas collected in each of the jars of the double 
cell, will be exactly half of that in the several jars of the single 
cells ; proving that the double plate is reduced in efficiency to the 
exact standard of the single plates by its combination with them. 

§ 727. In these arrangements every cell is a generating cell, 
and adds something to the quantity or intensity of the circulating 
force ; and we see that unequal quantities cannot be generated and 


and the connexions between them are easily made and varied by the 
mercury cups, /r,g, &c. 
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circulate in different parts of the same circuit. The effects of 
various retarding or opposing cells may be strikingly exemplified by 
the same apparatus. For this purpose the cells may be connected 
together in single series, substituting in one a platinum plate for the 
zinc ; and the obstacle will be found to react upon the whole series; 
the action will be found to be reduced by more than one-third, and 
the quantities of gas collected from each generating cell will be 
exactly equal to that collected from the retarding cell. Upon 
repeating the experiment with a similar change in the next cell, the 
quantity of hydrogen in all the jars will be equal, but reduced to 
little more than one-tenth, and the current will be apparently stopped 
by three retarding cells to seven generating cells, 

§ 728. When instead of substituting a platinum for a zinc 
plate in one of the cells, its position in the series is reversed, the 
quantity of gas from the nine regular cells declines to about one- 
fourth. It is, however, remarkable, (and the fact yet remains to be 
accounted for,) that the hydrogen from the reversed zinc plate will 
bo considerably less than from the platinum of the direct cells, and 
the oxygen from the corresponding platinum will be the equivalent 
of the lesser quantity. Whatever the cause of this may be, (and it 
presents an interesting object of inquiry, in connexion with the 
reduced quantity of action which w^e have already found to proceed 
in a single circuit from a large generating surface to a small con- 
ducting one,) it cannot be taken to indicate any inequality in the 
current, the uniformity of which, throughout its course, has been 
established as a primary law of the phenomena. 

§ 729. When one of the zinc plates is removed from the 
regular series, and replaced by a platinum plate which has been 
previously coated with copper by the influence of hydrogen evolved 
in a circuit, the phenomena are striking and instructive. No gas 
will at first bo evolved from the coppered plate, but it will oxidate, 
and the progress of the oxidation may be traced by the gradual 
blackening of its surface. The oxide, again, will be gradually dis- 
solved, and the bright white surface of the platinum will make its 
appearance, and oxygen gas will begin to rise from it. At that 
moment the current will receive a check, which will be appre- 
ciable in all the air jars. 

§ 730. This mode of measuring the amount of current affinity 
by its chemical effects, has been applied in the construction of 
instruments, to which the name of Volta-meter has been given. 
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They consist, in fact, of an independent closed cell, with two platinum 
plates, from which the gas may be conveniently collected and mea- 
sured with great accuracy. ^They may be readily included in any 
circuit, and, although they check the current in all its parts, they 
accurately measure the amount which passes through them (149). 

§ 731. When a Volta-meter is substituted for one of the ten 
cells, and the nine have a portion of nitric acid added to their charge, 
the quantity of hydrogen evolved from their conducting plates is 
greatly diminished, and becomes irregular; but the quantity of 
hydrogen indicated by the instrument is nearly treble that of the 
cells with their original charge. 

§ 732. By observations made in this manner, it will be soon 
found that the action of such a compound circuit is not constant ; 
and that it will gradually decline by a quantity which will be quite 
appreciable at intervals of five minutes. By breaking the connexion 
for a short period, its energy will be partially recovered, but will again 
decline as the action is renewed. Upon allowing the charge nearly 
to exhaust itself, it will be seen that the platinum plates have 
become incrusted with metallic zinc, originating, doubtless, from the 
oxide of zinc formed at the generating plates, and reduced by adhering 
hydrogen at the conducting plates. Its varying quantity and accu 



(149) A convenient form of the Yolta-meter is hero 
represented, is a straight glass tube, closed at the upper 
extremity, and graduated into cubic inches and fractional 
parts. The [5latinum wires, terminating in two platinum 
plates within the tube, are fused into its substance, and the 
tube is fitted by grinding into one mouth of a double-necked 
bottle, half filled with dilute sulphuric acid. The tube is 
filled by enclosing the bottle, and when the current passes 
between the plates, the evolved gases collect in the upper 
part of the tube, and displace the dilute acid, the stopper 
c being left open. When the tube has been filled with 
the disengaged gases, the tube may be refilled with the 
liquid by replacing the stopper, and again inverting the 
bottle. 



Another form of the Volta-meter is 
here depicted. The gases, as they are 
disengaged within the tube, filled with 
the dilute acid, pass by the bent tube 6 
under the edge of a graduated jar placed 
upon the shelf of the water bath. 
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mulation are amply sufficient to account for the variation and ulti- 
mate annihilation of the circulating force; for zinc thus becomes 
opposed to zinc, and the circuit is destroyed. The momentary 
breaking of the connexion allows the acid to dissolve off the zinc, 
which being in contact with the platinum is most favourably dis- 
posed for this local action, and upon restoring it, the circulation 
returns to its first amount, but again speedily declines from the same 
cause. 


§ 733. The apparatus, whose different arrangements we have 
thus examined, is, in fact, a particular form of the Voltaic battery, 
that splendid instrument of experimental research which so justly 
perpetuates the name of Professor Volta, of Pavia. He was led to 
this grand discovery by a series of experiments, which he undertook, 
to prove that the agent in Galvani’s experiments is common electri- 
city, which he endeavoured to accumulate by a multiplication of his 
simple circuit. 

§ 734. Its first form was that of a pile, in which pairs of zinc 
and silver discs were placed one above another, each pair being 
separated from the adjoining by pieces of cloth, rather smaller than 
the plates, moistened with a solution of common salt (150). 

Great care was taken to preserve a regular order in the posi- 
tion of the metals; so that if the zinc were placed below the 
silver, in the first pair, the same order should be preserved in the 
others. Another form, which Volta denominated “The Crown of 
Cups,” consisted in a row of small glasses, arranged in a circle, con- 
taining dilute sulphuric acid, or a soluticm of salt, in each of which 
was placed a plate or wire of silver or copper, and one of zinc, not 
touching each other, but so connected that the zinc of the first was 
in contact with the silver of the second, and the zinc of the second 


(150) The original Voltaic pile was composed of 
silver coins and zinc discs of the same size, piled up in 
the manner here shown, with paper moistened with a 
saline solution, or a dilute acid, placed between each pair. 
When the fingers of one hand, well moistened with salt 
and water, are placed in contact with c, and the fingers 
of the other hand, with p, a slight shock is felt, and a 
spark may he perceived upon making contact between the 
two extremities with a wire or piece of charcoal. 

2 F 2 
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with Ae silver of the third, and so on throughout the series (151). 
In this arrangement it could be seen that no current action took 
place till the extreme wires were brought into contact. Various 
other forms were gradually introduced by Cruickshank, Babington, 
and Wollaston, as experience suggested improvements; the prin- 
ciples of which are all explained by the different arrangements which 
we have described of the Dissected Battery (152). 


(151) Volta’s “Couronne des tasses” is here depicted. Wires of 
silver and zinc, s and z, are soldered together in pairs, and alternately 
placed in the glasses containing dilute acid. No action takes place till 
the extreme wires s and z are brought into communication by means of 
a metallic wire, when each silver wire is seen to evolve hydrogen. 



^ (152) The inconvenience of the original construction of the pile 
was in some degree obviated by Mr. Cruickshank, who cemented the pairs 
of plates into a well-seasoned wooden trough, as in fig. 1. The inter- 
vening spaces were filled with the proper liquid for exciting the battery. 



The arrangement was still further improved by Dr. Babington, who 
sold«red the plates of copper and zinc together in pairs bfone point 
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§ 735, In Volta’s view of the phenomena, the source of elec- 
tricity was the contact of the dissimilar metals. When two metals, 
the most dissimilar in regard to their attraction for oxygen, are insu- 
lated, and made to touch each other, and again separated, the most 
oxidizable will bo found to be in a state of vitreous excitation, and 
the least in the opposite state. W e have already seen (§ 304), that 
if a plate of metal be placed upon the cap of a gold-leaf electrometer, 
and zinc filings be sifted upon it through a copper sieve held by a glass 
handle, the leaves will diverge with vitreous electricity, and the sieve 
will be found in a resinous state. With a zinc sieve and copper filings, 
the electrical changes will be reversed. If we arrange the metals in 
the following order which is that of their affinity for oxygen, each will 
become resinous by the contact of that which precedes it, and vitreous 
by the contact of that which follows it, and the greatest effect will be 
produced by the contact of the most distant metals of the series: — 
potassium, zinc, lead, tin, iron, copper, mercury, silver, gold, platinum. 


only, and fixed them upon a rod of wood, by which they could be lifted 
together, in convenient numbers, into or out of a trough of earthenware, 
divided by partitions into cells for their reception (fig. 2). The fluid may 
thus he allowed to remain in the trough, while the action may at any time 
be suspended by raising the plates from the cells, and placing them upon 
rods fixed for their support. 

The improvement of Dr. Wollaston consisted in extending the copper 
plate so as to oppose it to both surfaces of the zinc, as shown in fig. 3. 
A represents the bar of wood to which the plates are screwed ; b B B the 

, Fig. 3. 



zinc plates, connected, as before, with the copper plates c o, which are 
doubled over the zinc plates. Contact of the surfaces is prevented by 
pieces of wood or cork placed between them. 
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The interposed liquid was regarded by the inventor of the pile merely 
in the light of an imperfect conductor, which allowed of the accumu- 
lation of the electrical fluids, disengaged by the electro-motive power 
of the metals, by a species of inductive influence. 

§ 736. Professor Faraday was the first to prove, by an unam- 
biguous experiment, which we have already described (§721), that the 
contact of dissimilar metals is not necessary to the generation of a 
Voltaic current, and that the force is exactly proportioned to the 
amount of chemical action. As the contrary opinion, however, still 
finds supporters, it may not be superfluous to add another proof of the 
dependence of the current upon chemical affinity. If a plate of iron 
and a plate of platinum be each connected with one of the wires of a 
galvanometer, and immersed into strong nitric acid, no chemical 
action, as we have already noticed (§469), will take place; and, not- 
withstanding the contact of the dissimilar metals, no effect will bo 
produced upon the instrument ; but if a little water be added to the 
acid, violent action will be established, and the needle will be 
strongly and permanently deflected. It is not, of course, denied that 
electricity is developed by the contact of metals ; but it is small in 
quantity, of high intensity, and intermitting in its action; and to 
generate a current, the contact of a compound liquid with a metal 
seems to be necessary, as has been before explained. 

§ 737. The liquid employed in the voltaic batteries, when it 
has been desired to excite them to the utmost, has generally been a 
mixture of sulphuric and nitric acids diluted with water ; in which 
case much local action takes place upon the zinc plates, which con- 
tributes nothing to the force which circulates, and which speedily 
destroys them. Their power, moreover, speedily declines by the 
deoxidation of the oxide of zinc upon tjjie copper plates, and they 
are very inconstant in their action. 

These defects are obviated in the construction of the constant 
battery^ the contrivance of the author, which consists of a series of 
single circuits constructed upon the principle of a central disposition 
of the active metal with regard to the conducting surface, as formerly 
explained (§ 705, &c.) 

A cell of this battery consists of a cylinder of copper 3 J inches 
in diameter, which experience has proved to afford the most advan- 
tageous distance between the generating and conducting surfaces, 
but which may vary in height according to the power which it is 
wished to obtain. A membranous tube, formed of the gullet of 
an ox, is hung in the centre by a collar and circular copper plate 
resting upon a rim placed near the top of the cylinder ; and in this^ 



CONSTANT BATTEKY. 


m 


is suspended, by a wooden cross bar, a cylindrical rod of amalga- 
mated zinc half an inch in diameter. The cell is charged with a 
mixture of 8 parts of water and 1 of oil of vitriol which has been 
saturated with sulphate of copper ; and portions of the solid salt are 
placed upon the upper copper plate, which is perforated like a 
colander for the purpose of keeping the solution always in a state of 
saturation. The internal tube is filled with the same acid mixture 
without the copper. A tube of porous earthenware may be sub- 
stituted for the membrane with great convenience, but probably 
with some little loss of power. A number of such cells admit of 
being connected together very readily into a compound circuit, and 
will maintain a perfectly equal and steady current for many hours 
together, with a power far beyond that which can be produced by 
any other arrangement of a similar quantity of the metals (153). 

§ 738. We have noticed that heat generally increases the 
affinity of substances for each other, as manifested in their local 
action (§ 651) ; it has an analogous influence upon affinity in its current 
state. When a constant battery of 9 cells, which was capable of 
decomposing water at the rate of 7.5 cubic inches of the mixed 
gases per 5 minutes, was enclosed in a case to which steam could be 
admitted, the rate of working gradually increased with the tempera- 
ture, till at 212° it was very nearly trebled. The greater part of 
this increased effect is due to the increased energy of the affinity, 
and not to that of the conducting power only ; for when a volta- 
meter, whose temperature was raised to 212°, was included in the 



(153) One of the cells of the constant 
buttery is here represented, abed is a copper 
cylinder, in which is placed a smaller cylinder 
of porous earthenware. Upon the upper part 
of the copper cylinder rests a perforated colan- 
der, i through which the earthenware cylin- 
der passes. Vm is a cast rod of amalgamated 
zinc, resting upon the top of the interior 
cylinder by a cross piece of wood, and forming 
the axis of the arrangement. The cell is 
charged by pouring into the earthen>yare cy- 
linder water acidulated with one-eighth part of 
its bulk of oil of vitriol, the space between the 
earthenware tube and the copper being filled 
with the same apidulated water saturated with 
sulphate of copper ; and solid sulphate of cop- 
per being placed in the colander* 
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cold circuit, the action was only increased from 6.5 cubic inches 
to 7.5 cubic inches ; whereas, when a cold cell was included in a 
series heated to 212°, the effect fell from 20.5 cubic inches to 9.5 
cubic inches. 

Changes of atmospheric temperature even have a marked influ- 
ence upon the working of the voltaic battery, and must not be 
neglected in nice comparative experiments. 

§ 739. How much is dependent upon the force of affinity in 
the generating metal for one of the elements of the liquid compound, 
is strikingly shown by contrasting zinc rods in the cells with copper, 
or even brass. In a battery of 5 cells working at the rate of 5.2 
cubic inches of mixed gases per 5 minutes, one copper rod was sub- 
stituted for a zinc ; the whole of the oxygen was absorbed by the 
copper, but the rate of working was reduced to 2.4 cubic inches in 
the same interval. A second copper was placed in the room of a 
second zinc, and the rate declined to 0.6 cubic inches ; with a third, 
it fell to 0.04 ; and with four copper there was no longer any per- 
ceptible decomposition in die volta-meter, but the needle of a gal- 
vanometer was deflected 55 . When all the zinc rods were thus 
gradually replaced by copper, the needle was still deflected 25°. 

§ 740. Wo have hitherto considered the force which is 
thrown into action in the simple circuit of Galvani, or the compound 


A number of such cells may be connected into a compound circuit, 
by wires attached to the copper cylinders, and fastened to the zinc by 
clamps and screws, as shown below. 
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batteiy of Volta, as circulating affinity ; and it is impossible to doubt 
that the causes which produce the same effects of light and heat, 
and of chemical decomposition and combination, according to the 
laws of equivalent proportions, all these effects being synchronous in 
their manifestation, are identical in their nature, although they are 
separated in space in one case, and concentrated in a point in the 
other. It would bo impossible, moreover, not to suspect, from a 
similarity of certain other effects with those of electricity^ which 
this spread of the action enables us to develop, that these two forces 
are also identical, and this, which would bo a highly reasonable hypo- 
thesis at the point to which we have carried our investigation, will 
be converted into certainty as we proceed. 

§ 741. With this additional view of the connexion of the 
phenomena, let us cast our eye back upon the ground which wo 
have gone over. 

There can be no hesitation in admitting that the force of 
affinity, both in its local and current condition, is called into action 
by the contact of the heterogeneous particles of dissimilar bodies : 
regarded as electricity, the charge and discharge in the first case is 
limited to the points of contact; while in the second, by a new 
species of conduction, involving the decomposition of a compound, and 
the transfer of its elements, the charge is communicated to a dis- 
tance, and returns to its discharge by another path of appropriate 
conductors. That one of the active bodies should be a good con- 
ductor of electricity, and the other a liquid compound, are essential 
conditions of the circulation : the first, that the force may readily 
diffuse itself upon every point of its surface; and the second, that 
the necessary transfer may take place. In the excitement of electri- 
city by the friction of dissimilar substances, the contact is broken and 
renewed, with successive particles, by a kind of intermitting action, 
and by the rapid mechanical separation of the two bodies their charge 
may be communicated to other bodies in a manner which has been 
already explained. In its excitement by chemical action fresh 
articles are also brought into contact in continuous succession, while 
those which are spent or neutralized are successively removed in 
combination by the action of concurring forces. 

§ 742. In both cases the charge is sustained and communi- 
cated by induction, or the polarization of the particles of matter, 
wdiich must always precede and accompany conduction. When 
an extensive voltaic series of some hundreds of couples of perfectly 
clean plates is simply charged with dietilled water, (which we have 
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already seen is so bad a conductor of electricity as to allow of a dis- 
ruptive discharge through it in the form of a spark, § 343 and 781), 
it is clearly shown that induction takes place in it of precisely the 
same nature as that which arises from electricity by friction, for 
each extremity will exhibit a charge of electricity sustained by the 
induction of the air to surrounding conductors, and which may be 
manifested by the usual attractions and repulsions, and even sparks, 
by which we recognise electricity from friction. It will be found 
that, under these circumstances, the zinc extremity of the battery 
possesses a vitreous, and the copper extremity a resinous charge. 

§ 743. The amount of this effect of high intensity does not 
at all depend upon the size of the plates, but is proportionate to the 
number of alternations. A battery constructed of pieces of copper 
tube ftlis of an inch diameter, and 2^J inches long, with a piece of 
zinc wire of |th of an inch diameter, soldered to each, and turned 
down into the axis of the next without metallic contact, and con- 
sisting of a series of 1024, will be quite equal to a battery of the 
same number of plates 4 inches square, and capable of producing all 
the effects which we are about to describe. 

A gold-leaf electrometer, jdaced in connexion with either end, 
will open out with either electricity, as has just been stated, and if 
at the same time the electricity of the opposite end be discharged, 
the leaves will expand still further, as in all analogous cases of 
common electric charge. When the two ends are connected seve- 
rally with an insulated slip of gold leaf, upon gradually approaching 
the two they will attract each other, and a spark will pass between 
them. By moistening the hands, and touching the two extreme 
cells, a slight shock is also experienced. 

§ 744. These effects may be very much increased by a more 
advantageous arrangement of the terminal inductric and inducteous 
surfaces : thus, if one of the ends of the battery be connected with the 
insulated plate of a condenser, it will instantly become charged, and 
when the opposite plate is withdrawn, the electrometer will indicate 
a much higher degree of intensitj . The charge may also be sus- 
tained through glass, and transferred to the metallic surface of the 
Leyden battery. If wires proceeding from each extremity of the 
series be respectively connected with the inner and outer surface of 
an electrical battery, of not less than 12 square feet of coated sur- 
face, it will be charged so rapidly, that sparks may be obtained from 
it in rapid succession by connecting a fine wire with its outer sur- 
face, and successively striking the knob with its other extremity. 
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The fine point of a penknife, or thin metallic leaves, may thus 
be burned, phosphorus inflamed, and fulminating powders exploded. 
No such power is possessed by the voltaic arrangement alone ; but 
it communicates the charge to the battery so instantly, that almost 
continuous discharges may be procured. The intensity is limited 
to that which is due to the number of the series, but the extent or 
surface which may be thus thrown into inductric action is unlimited. 
When the human body is made the medium of communication 
between the surfaces of a large battery thus perpetually charged, 
the rapidly intermitting shock which is received is very unpleasant. 

§ 745. The polarity of the voltaic arrangement is also shown 
by breaking the series at any part, when each portion will exhibit 
a resinous and vitreous extremity, just as in breaking a magnet each 
fragment exhibits a north and south pole. 

These effects are of course annihilated, by bringing the opposite 
ends of the series into metallic communication ; but no continuous 
current of any amount takes place when the circuit is closed, on 
account of the non-conducting power of the pure water which is 
everywhere interposed. When the extremities are connected with 
platinum wires, dipping into water even acidulated with sulphuric 
acid, no decomposition is manifested, however numerous the series 
may be ; but a slight decomposition is shown when a solution of 
iodide of potassium is made the medium of communication. 

§ 74(). The electric column of De Luc presents these polar 
phenomena in a very striking form. It consists of pairs of very 
thin silver and zinc discs not more than ^ths of an inch in diameter, 
piled up in regular order, with the intervention of writing-paper, to 
the number of some thousands. They may, in fact, be formed of 
strongly gilt paper and zinc foil cut out with a punch, and enclosed 
in a glass tube fitted with brass caps at each end, and carrying 
screws, by which they can be pressed together. If the paper be 
dried artificially, the column will be inactive, but its ordinary hygro- 
metric moisture will bo sufficient to ‘throw it into a strong polar 
state. A series of 2000 or 3000 is sufficient to affect the gold-leaf 
electrometer, and one of 20,000 will cause pith-balls of -J^th of an 
inch diameter, suspended by threads of 4 inches long, to diverge to 
the distance of 2 inches and upwards (154). Uy connecting one 


(154) When De Luc s column is placed with each end in connexion 
with a gold-leaf electrometer as represented in the next page, one of the 
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extremity of the series with a fine iron wire, and drawing its point 
lightly over the other extremity, a slight layer of varnish being 
interposed, a series of minute sparks may be obtained. A Leyden 
battery may also be charged by it, so as to occasion a disagreeable 
shock to be felt distinctly in the elbows and shoulders. 

This apparatus will retain its power for years if kept in a state 
of insulation, but loses it if the ends are allowed to be connected 
together for any length of time. No current, however, is established 
under these circumstances which can be detected by any chemical 
decomposition. 

§ 747. It may, perhaps, be doubted whether the source of 
the electric charge of this instrument is the contact of the metals, or 
the contact of the zinc with the small portion of moisture which is 
contained in the paper in its common hygrometric state. When 
the paper has been artificially dried, it is found to be inefficient, as 
has been already stated, and the zinc becomes slowly corroded in 
the course of years : but on the other hand the charge is wholly one 
of intensity, and after its discharge requires an interval of time for 
its renewal. 

§ 748. Now this state of polarity is manifested precisely to 
the same degree, dependent upon the number of the series, when 
the voltaic battery is charged with dilute acid instead of pure wateiv 
The particles of the liquid, as well as of the solids, are thrown into 
a similar state of tension, which is only relieved by a good con- 
ducting communication between the two extreme poles. The dif- 
ference of the effects may be well shown by connecting the two 
poles of such a charged battery with insulated strips of gold leaf, 
when, upon approximating them as before, they will attract each 



instruments will diverge w ith vitre- 
ous, and the other with resinous elec- 
tricity. When the electricity of either 
end is discharged by a good conduct- 
ing communication with the ground, 
the opposite force is exalted, and 
the divergence of the leaves in- 
creases ; and when a metallic com- 
munication is made between the 
two ends, all signs of electricity 
cease. 
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other; but instead of the neutralization of the charge by a mere 
spark, a rush of electricity will burn, and utterly disperse the metal, 
which is insufficient for its transmission (155). This strong current 
makes it way through the liquid portion of each cell by a new 
species of convection, of which the polar arrangement is the ante- 
cedent condition. 

§ 749. We have upon a former occasion (§ 356) traced the 
progress of the carrying discharge of common electricity: the charged 
particles which travel may be considered as masses of matter, large or 
small, compound or simple ; and they move towards other masses of 
matter in which they have produced the opposite state, by induction 
and polarization of intervening particles. The convection of the 
voltaic charge can only be effected by the separation of the consti- 
tuent particles of bodies in certain equivalent proportions, from 
compounds in which they had been previously combined in the same 
proportions, and they move also under the influence of the same kind 
of polarity previously induced. This forced condition never reaches 
the highest degree of intensity, because it is relieved by the yielding 
of the compound. 

§ 750. The simplest case of this convection is presented to 
us when the current is led from a series of generating cells into a 
retarding cell, through which it has to force its passage without the 
assistance of any concurring affinity. The plates by which it passes 
into and out of the liquid have been aptly denominated electrodes^ 
as being the doors by which the current enters and departs. They 
may be further conveniently distinguished as the zincode and the 
platmode^ the former being the plate which occupies the position of 
the generating plate in the battery, and the latter of the conducting 
plate. Through the intervening stratum of water, rendered con- 
ductive by sulphuric acid, it can only pass by convection and decom- 
position of the water. For this the particles of oxygen and hydro- 



(155) This experiment may be performed with 
the electrometer here represented, a is a glass shade 
mounted upon a base, 6, It is covered with a piece 
of dry Tarnished wood, c, in which the glass tubes, 
d d, slide backwards and forwards, and through 
which pass wires having gold leaves suspended to 
their lower extremities, l^he distance of the gold 
leaves may be accurately adjusted by a rack and 
pinion. 
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gen travel in opposite directions, separating from one and recom- 
bining with another throughout the series of previously polarized 
particles, till the last particle of hydrogen gives up its charge to the 
platinode and the oxygen to the zincode, and each passes off in its 
own elastic form. The convection, therefore, cannot be regarded as 
the transfer of a single force in one direction, but of two forces in 
opposite directions, and hence Dr. Faraday has happily designated 
the electric current, whether in metals, or liquids, or air, as “ An 
axis of power having contrary forces, exactly equal in amount, in 
contrary directions.” 

§ 751. The polarity of the arrangement, when in a state of 
action, is well illustrated by interposing between the electrodes 
a plate of platinum; the side of such a plate which fronts the 
zincode will give off hydrogen, and the opposite side the equivalent 
oxygen. If a plate of copper be substituted for the platinum, and 
sulphate of copper be added to the electrolyte, the first will be 
coated with fresh precipitated copper, and the second oxidated and 
dissolved to exactly the same amount. The current which enters 
by the zincode is conveyed by the electrolyte to the metallic dia- 
phragm, to which it gives up its charge, it re-enters the electrolyte 
on the other side, and passes on to the platinode, and the opposite 
faces of the plate exhibit that opposition of forces which characterizes 
the whole process, 

§ 752. The same kind of convection takes place in the 
generating cells of the battery, but the combination of the disengaged 
elements at the two electrodes not only removes a strong opposing 
force, but perpetually renews the heterogeneous contacts by which 
the current is generated, exalted, and maintained. 

§ 753. The inductive influence which precedes and accom- 
panies the current of the voltaic battery, and which we have illus- 
trated by the compound circuit, may also be proved to exist in the 
single galvanic circuits, which we have previously examined, though 
not exalted to the same degree of intensity. In them we have been 
able to trace the course and distribution of the force by the deposi- 
tion of metallic copper, which marked the limits of its action, and 
we have found that it not only radiated in straight lines from the 
generating to the anterior surface of the conducting plate, but that 
it bent round the edges of the latter, and could, in fact, be wholly 
sustained by its posterior surface. The same “ turning of a comer,” 
has been already adduced as evidence of the polarizatioti of the 
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particles of a dielectric in the instance of common electric induction, 
(§ 324,) and the bent direction of the force, in the present instance, 
can only be accounted for on the same principle. There is a complete 
analogy between the case in which a carrier ball is brought near 
to the middle of a flat disc of metal, placed upon an excited cylinder 
of shell-lac without receiving a charge, although one might be 
obtained all round the edge (fig. 80, p. 221); and that of the deposi* 
tion of a ring of precipitated copper round the edge of the under 
surface of a brass plate, under the influence of a ball of zinc, while 
the centre was free from it (§ 714). 

§ 754. We will now turn from the battery itself, and con- 
sider the force which is thus generated as an independent power, 
over which we have complete control, applicable to certain work at 
any given point, according to laws which wo will proceed to inves- 
tigate ; at the same time we jnust not forget the main fact of circu- 
lation, and that the experimental cell, or any other obstacle which 
we may interpose, constitutes, in reality,* a part of the circuit, the 
resistance of which reacts upon every other cell and conducting 
portion of the arrangements. 

We have already seen (§ 730) in the dissected battery that, when 
the current is led into a voltameter, or other arrangement in which 
the oxygen and hydrogen of the decomposed water are both evolved 
and collected, the check is felt throughout its course, and no more 
hydrogen is evolved or zinc oxidated in each generating cell, than is 
equivalent to the hydrogen and oxygen forced asunder in the retard- 
ing cell. 

The process of resolving a compound body into its elements, or 
proximate principles, by the voltaic current, has been named electro-^ 
lysis^ and substances which are capable of such decomposition are 
called electrolytes, 

§ 755. One essential condition of electrolysis is liquidity ; 
the elements of a compound cannot tr^^vel when restrained by cohe- 
sion ; and, with very rare exceptions, compound bodies cannot 
transmit the current, except by electrolysis. 

If one of the electrodes of a powerful battery be separated from 
the other in water, by a film of ice not more than one-sixteenth of 
an inch in thickness, there will not be the slightest effect upon a 
galvanometer included in the circuit ; but if a small portion be 
thawed, so as to form the thinnest possible film of water between the 
two, the needle will be permanently deflected. 

A great variety of both primary and secondary combinations are 
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subject to the same law. On fusing a little chloride of lead in a 
glass capsule by a spirit-lamp, and introducing into it two platinum 
wires connected with the poles of the battery, powerful action will 
take place, the galvanometer will be violently affected, and the chlo- 
ride rapidly decomposed. On removing the lamp, the instant the 
chloride solidifies, all current and contemporaneous effects will cease, 
though the platinum wires may remain enclosed in the chloride not 
more than the one-sixteenth of an inch apart. Chloride of silver, 
nitrate of potassa, and chlorate of potassa, act exactly in the same 
way ; and in every case decomposition of the compound takes place 
when the current passes. 

With regard to the substances on which conducting, or rather 
convective power, is conferred by liquefaction, the degree of power 
so given is generally very great. Water is that body in which this 
acquired power is the feeblest ; in the various other oxides, chlo- 
rides, salts, &c., it is some hundred times greater. A greatly 
increased conducting power is given to water by the addition of 
salts, which would seem to be, in a gi'eat degree, dependent upon 
the high conducting power of these bodies when their cohesion has 
been counteracted; that counteraction being effected in them for 
the time, not by heat but by solution in water. The addition of 
Other liquids and soluble solids, as sulphuric acid and boracic acid, 
which by themselves are not capable of electrolysis, and consequently 
are non-conductors, confer this increased power of convection upon 
water. Even some elementary substances exalt its conducting 
power, and a solution of chlorine will convey the current much 
more readily than pure water. 

§ 756. The next point which must arrest our attention is the 
definite direction which the disengaged elements Or principles are 
forced to take under the influence of the current. 

In the cells of the battery the oxygen of the decomposing water, 
from its natural affinity, must travel from the conducting plate 
towards the zinc and the hydrogen in the opposite direction ; and in 
the experimental cell which forms part of the circuit, the two gases 
must move in conformity with these directions ; and hence the 
oxygen will be evolved at the zincode and the' hydrogen at the 
platinode. The elements or principles of any other electrolyte 
which comes under the government of the current will be subject 
to the same law of direction, and those elements which, in the order 
of common affinity have the greatest attraction for the zinc, will 
take the path of the oxygen, and appear at the zincode, and their 
associates must travel in the opposite course and escape at the 
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platinode. Thus amongst the elementary substances, chlorine, 
iodine, bromine, and fluorine, range with oxygen, and the metals 
with hydrogen ; and amongst the proximate principles, cyanogen 
and acids rank with the former, and alkalies and protoxides gene- 
rally with the latter. 

§ 757. Dr. Faraday, wishing to avoid all reference to any 
hypotheses with regard to the nature of electrical action, distin- 
guishes these classes of bodies, and certain particulars relating to 
them, by a nomenclature derived from the direction of the current, 
which is supposed to pass through the circuit, and which is indicated 
by the direction of the magnetic needle under the influence of the 
earth. If in any case of electrolysis wc consider the decomposing 
body placed so that the current passing through it shall be in the 
direction that the sun appears to move in, or from cast to west, then 
the surfaces at which the electricity is passing into or out of the 
substance would have an invariable reference to the points of the 
compass, and exhibit constantly the same relation of powers. He, 
therefore, calls that towards the east the amdt\ and that towards 
the west the cathode. The anode is that surface of the electrolyte 
at which, according to the general expression, the current enters, and 
which is in contact with the zincode, and is where oxygen, chlorine, 
acids, &c. are evolved. The cathode is that surface of the decompos- 
ing body at which the current leaves it, and is in contact with the 
platinode; it is the place where hydrogen, tlie metals, alkalies, &c. 
are evolved. He distinguishes those bodies which go to the anode 
of the decomposing body by calling them anmis^ and those j)assing 
to the cathode,, cations. When he has occasion to speak of them 
together, without distinction, he calls them ions. Thus the chloride 
of lead is an electrolyte ; and when electrolyzed, evolves tlie two ions,, 
chlorine and lead ; the former being an anion,, and the latter a cation, 

§ 758. The invariable nature of these relations may bo well 
exhibited by placing several electrolytes in different cells, and 
including them in one circuit with a- battery of sufficient power. 
Thus, place solutions of chloride of sodium, coloured with indigo ; 
iodide, and bromide of potassium, mixed with starch; and sulphate 
of soda, coloured with a vegetable blue, in succession in four syphon 
tubes, reversed, and connect them together, and with the battery, by 
platinum electrodes ; the first will be bleached at the zincode by 
the evolution of chlorine ; the second, coloured blue at the corres- 
ponding electrode by free iodine ; the third will become deep yellow 
with the bromine disengaged at the same point ; while the indica- 
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tions of free acid and alkali will be manifested respectively at the 
zincode and platinode of the fourth (156). 

§ 759. The third great point in electrolysis is, that “ the 
chemical action of a current of electricity is always definite, and 
directly proportionate to the absolute quantity of electricity which 
circulates.*” This is not merely true with one substance, as water, 
but generally with all electrolytic bodies ; and further, the results 
obtained with any one substance do not merely agree amongst them- 
selves, but also with those obtained from other substances ; the 
whole combining together into one series ofidefinite electro-chemical 
actions, in which the quantities of different kinds of matter acted 

Fig. 1. 

(156) Some of the forms of apparatus in which 
these processes of electrolysis may be conducted, 
arc here represented. 

Fig. 1 is a glass vessel with two orifices, each hav- 
ing a tube adapted to it in such a way as to receive the 
separate gases from the two platinum electrodes which 
pass into globes filled with acidulated water. 

Fig. 2 is a cell made of plates of glass, cemented 
together and divided into two parts by the temporary 
diaphragm, a, which consists of a small frame of 
wood, witli muslin stretched over it. A separate 
electrode may be introduced into each side of it, and the products of the 
decomposition may thus be kept separate for a time and examined. 

Fig. 3 exhibits two glasses, connected together by a syphon of large 
bore, filled with an electrolyte, and two tubes inverted in the glasses and 

Fig. 3. 
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filled with the same liquid ; into the upper ends of which platinum wires, 
terminating in long slips of the same metal, are inserted. The opposite 
products of the decomposition may thus be separately ohiained ; the con- 
vective current passing through the interposed liquid in the syphon. 


Fig. 2. 
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upon, bear the same proportion to one another as their equivalent 
numbers. 

Thus, when fused proto-chloride of tin, chloride of lead, and 
water, are placed in succession and decomposed simultaneously by 
the same electric current, the tin and the chlorine, at the first pair 
of electrodes, are respectively in the proportion of 58 to 36 ; the 
lead and the chlorine at the second as 104 to 36 ; and the hydrogen 
and the oxygen at the third as 1 to 8. 

§ 760. Variations in the intensity of t^ current beyond that 
which is necessary to ^effect the decomposition of the electrolyte, 
produce no corresponding variation in the electro-chemical effects. 
If three Voltameters be so arranged that, after the electric current 
has passed through one, it may divide into two parts, which, after 
traversing each one of the remaining instruments, may reunite, the 
sum of the decomposition in the two latter vessels, will always be 
equal to the decomposition in the former. The intensity in this 
case of the divided current cannot be the same as that which it has 
in its original state, but the two halves of lower intensity produce 
together the same amount of decomposition as the whole carried 
into a higher state. 

§ 761. As the decompositions dependant upon the current 
which i*s urged through the experimental cells are definite, so are 
the compositions and decompositions which arc associated with the 
current in the battery cells ; and it requires the combination of 32 
grains of zinc with 8 of oxygen, abstracted from 9 of water, in each 
of the cells, to generate the current, which is carried forward by 
the equivalent quantities of the different kinds of matter specified 
above. 


§ 762. From these facts may be drawn the important con- 
clusion that ^‘the quantity of electricity which, being naturally 
associated with the particles of matter gives them their combining 
power, is able, when thrown into a current, to separate those particles 
from their state of combination ; or, in other words, that the elec- 
tricity which is evolved by the decomposition of, and that which 
decomposes a certain (quantity of matter arc alike.’’" According to 
this vicw% the equivalent weights of bodies are simply those quan- 
tities of them which contain equal quantities of electricity, or have 
naturally equal electric powders; it being the electricity which 
determines t ^9 equivalent number, because it determines the com- 
bining force. 


2 G 2 
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§ 763. All compounds are not susceptible of electrolization, 
even in the liquid state ; and there is but one electrolyte composed 
of the same two elementary ions ; in fact, single equivalents alone 
of elementary ions, and not multiples, can go to the electrodes ; and 
hence only protoxides, proto-chlorides, &c., will transmit the cur- 
rent. This may be probably explained by the necessary uniformity 
in the actions of the generating and decomposing cells ; for as it is 
the force of single equivalents of oxygen and hydrogen which is first 
thrown into the current* state, so we may conclude that it is by single 
equivalents alone of other substances it can be transmitted on its 
course. 

To effect the decomposition of a deuto-compound, the current 
must probably originate from the decomposition and recomposition 
of a deuto-compound, and the whole circulation must be maintained 
by compounds of the same order. 

All compounds, however, of single proportionals of elements are 
not decomposable ; as chloride of sulphur, proto-chloride of phos- 
phorus, and proto-chloride of carbon. 

§ 764. Every electrolyte which can transmit the current can 
also generate it with any conductor to whose superior affinity it is 
capable of yielding one of its elements ; but few of them would be 
applicable to the construction of a battery, since for the maintenance 
of the current, concurring forces are necessary to remove the ions 
from their respective electrodes, whose influence Avould otherwise 
check and terminate the process. 

§ 765. The more directly bodies arc opposed to each other in 
chemical affinity, the more ready is their separation from each other 
in cases of electro-chemical decomposition. 

Substances united by weak attractions very rarely conduct, even 
when liquified, or give up their component parts. Glasses, for 
instance, which are formed of silica, lime, alkali, and oxide of lead, 
may be considered as little more than mixtures under the force of 
adhesion, and many of them appear to be not at all decomposed ; 
but i borate of lead glass, which is a definite chemical compound, 
be experimented with, it readily yields up its elements. 

§ 766. A substance cannot be transferred by the voltaic 
current beyond the point at which it ceases to find particles with 
which it may combine ; but an acid will experience no difficulty in 
traversing any portion of alkali, which may be interposed in its 
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passage towards an electrode, or mce tersa. If three vessels be 
placed in a row, and connected together by moistened cotton, the 
two extreme ones being filled with sulphate of soda, and the centre 
one with potassa, upon connecting the first with the platinodo of 
the battery, and the last with the zincode, sulphuric acid will be 
transferred to the latter, notwithstanding it must pass through the 
intervening alkali from the equivalent soda which is given off* at the 
former. This was formerly regarded as proof of the destruction or 
suspension of the natural affinities of bodies by the powers of the 
battery ; but that which used to excite wonder and astonishment 
is, in fact, brought about by that transitory combination which is 
the essential condition of the transfer. 

When it is attempted to pass sulphuric acid through solution of 
baryta in the same way, sulphate of baryta is precipitated, because 
from its insolubility it loses that liquid state which is essential to the 
convection, and no acid reaches the zincode. 

If pure water be carefully poured upon a strong solution of sul- 
phate of magnesia, and platinum conductors be so introduced that 
one may be in contact with the former, and the other with the 
latter, magnesia will be deposited at the lino of contact between the 
water and the solution ; the insoluble base can travel no further, 
because it meets with no matter with which it can combine ; the 
water then, in fact, becomes the platinode, to which the base yields 
up the charge, which it is not competent to carry further on its 
way. The sulphuric acid readily reaches the platinum zincode in 
the contrary direction, and is there readily detected by its appro- 
priate tests. 

§ 767. This experiment is well calculated to demonstrate, 
that the decompositions of the voltaic battery are not owing, as has 
been supposed, to any attractive powers possessed by its poles superior 
to the mutual attraction of the particles separated, for then the mag- 
nesia must have completed its course towards this superior force. It 
is, on the other hand, quite consistent with the view which regards 
them as produced by an internal corpuscular action^ exerted according 
to the direction of the electric current, which is due to a force either 
superadded to or giving direction to the ordinary chemical affinity of 
the bodies present. It is because the ordinary chemical affinity is 
relieved, weakened, or partly neutralized in one direction, and 
strengthened or added to in the opposite direction, that the com- 
bining particles have a tendency to pass in contrary directions. 
Where common affinity fails, current affinity is inoperative. 
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§ 768. In examinihg the laws of electro-chemical action, and 
its consequences, it is very necessary to distinguish between the 
primary and secondary character of its decompositions. When a 
substance under decomposition yields, at the electrodes, those bodies, 
uncombined and unaltered, which the electric current has separated, 
then they may be considered as primary results, even though them- 
selves compounds. Thus the oxygen and hydrogen from water are 
primary results; and so also are the acid and alkali (themselves 
compound bodies) evolved from sulphate of soda. But, when the 
substances separated by the current are changed at the electrodes, 
then they give rise to secondary results ; although in many cases, 
the bodies evolved are elementary. 

These secondary results occur in two ways; being sometimes 
due to the mutual action of the evolving substance and the matter of 
the electrode, and sometimes to its action upon the substances con- 
tained in the liquid conductor itself. Thus, when carbon is made 
the zincode in dilute sulphuric acid, carbonic oxide, and carbonic 
acid, appear there instead of oxygen; for the latter, acting upon the 
matter of the electrode, produces these secondary results ; or, if the 
zincode in a solution of nitrate of lead be of platinum, then peroxide 
of lead appears there, equally a secondary result with the former, 
but now arising from an action of the oxygen upon the protoxide of 
lead in the solution. Again : a pure strong solution of ammonia is 
so bad a conductor of electricity, that it is scarcely more decompo- 
sable than pure water; but if sulphate of ammonia be added to it, 
then decomposition takes place very well, and nitrogen almost pure 
is evolved at the zincode, and hydrogen at the platinode; but this is 
a secondary result of the action of the oxygen upon the ammonia in 
the surrounding liquid. On the other hand, if a strong solution of 
nitrate of ammonia be decomposed, oxygen appears at the zincode, 
and hydrogen, with nitrogen, at the platinode. In consequence of 
the interference of such secondary actions, there is no exceptionable 
experiment which shows the tendency of nitrogen, under the influ- 
ence of the electric current, to pass in either direction along its 
course. 

When aqueous solutions of metallic salts are electrolyzed, the 
metds evolved at the platinode, though elements, are always 
secondary results, and not immediate consequences, of the decom- 
posing power of the electric current. 

§ 769. Chloride of silver furnishes a beautiful instance of the 
transfer of elements by the concurrence of primary and secondary 
action. U pon fusing a portion of it upon a glass capsule, and bringing 
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two silver electrodA into contact with it, there is abundance of 
silver evolved at the platinode, and an equal abundance absorbed at 
the zincode, for no chlorine escapes, and, by careful management, 
the platinum may be withdrawn from the fused mass, as the silver 
is reduced there, until a wire of reduced silver, or rather a bundle of 
crystals, is produced ; at the same time, the silver at the zincode 
is as rapidly dissolved by the chlorine which seizes upon it, so that 
the wire has to be continually advanced as it is melted away. The 
whole experiment includes the action of only two elements, silver 
and chlorine, and illustrates, in a beautiful manner, their progress in 
opposite directions, parallel to the electric current, which is for the 
time giving a uniform direction to their mutual affinities. 

§ 770. Many of these secondary results are variable in their 
proportions, and, by comparison with a Voltameter, may often be 
shown to want the true definite character which must always cha- 
racterize real electrolytic results. It has been already shown, that 
they are brought about by the concurrent action of the force of 
adhesion; and the amount of the products may often depend upon 
the extent of surface presented by the electrodes. This circum- 
stance exerts no influence in the case of simple electrolysis. In 
a comparison of V oltameters, whose platinum electrodes varied from 
plates of throe inches in length by one in breadth, to two inches of 
a wire one-tenth inch diameter, no difference was found with a bat- 
tery working at the rate of 2.7 cubic inches per five minutes. At 
the same time, when the action is sufficiently slow, and the surfaces 
of the electrodes sufficiently large to insure the complete effects of 
the secondary actions, the amount must necessarily be in equivalent 
proportions ; and the results may be more liable to be confounded 
with the primary. Whenever water is present with the electrolyte, 
and hydrogen does not make its appearance, it may be certain that 
secondary action has taken place. 

§ 771. The influence which the abstraction of the disengaged 
ions, by secondary action, has upon the amount of the circulating 
force, has been already noticed in the construction of the constant 
battery. When the hydrogen is all taken up by sulphate of copper, 
it has been found to be increased six times. It is placed in a striking 
poin^ of view by the results of the following experiments. A cylin- 
drical ceil of the battery was fittet up with a platinum plate, instead 
of the zinc rod, within the membranous tube, which was closed at 
the upper end by a glass tube, bent in a convenient form to deliver 
the disengaged gas under a receiver* When this cell was charged 
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with dilute sulphuric acid in the interior, and solution of copper in 
the exterior division, and included in the current, the hydrogen was 
absorbed, and oxygen evolved to the amount of 7 cubic inches 
in five minutes, which are equivalent to 21 cubic inches of the mixed 
gases. When the connexions were reversed, the oxygen was 
absorbed, and the hydrogen evolved to the amount of 16 cubic inches 
in the same time; equivalent to 24 cubic inches of the mixed gases. 
And when the mixed gases were collected in a V oltameter, they 
amounted to only 17 cubic inches in the same time. Thus the 
removal of the hydrogen from the sphere of attraction allowed of an 
increase of action equal to 4 cubic inches, while the increase from 
the like removal of the oxygen was very nearly double; a difference 
which is probably referrible to the equivalent combining volumes of 
the two gases. 

§ 772. We have seen reason to infer that bodies may differ 
in facility of decomposition by the Voltaic current, according to 
the condition and intensity of their ordinary chemical affinities ; for 
iodide of potassium can be decomposed by the current of a single 
pair of zinc and platinum plates, immersed in acidulated water, 
although water resists the same action. Protochloride of tin, when 
fused, yields to the same low degree of force, yielding prochloride of 
tin at the anode, and tin at the cathode. Fused chloride of silver is 
also easily decomposed by the single circuit; chlorine being evolved 
at the anode^ and brilliant metallic silver at the cathode. 

Solution of sulphate of soda, fused nitre, and the fused chloride 
and iodide of leiid, are not decomposable by a single pair of plates 
excited only by dilute sulphuric acid. 

But if a little nitric acid be added to the electrolyte of the gene- 
rating pair, all the substances which have been before named as 
giving way, will yield their elements much more readily, and many 
which before resisted electrolyzation will be decomposed. Thus, 
solution of sulphate of soda, acted upon in the interstices of litmus 
and turmeric paper, will yield acid at the anode^ and alkali at the 
cathode; solution of muriatic acid tinged by indigo, will give 
evidence of chlorine at the anode^ and hydrogen at the cathode. 
Solution of nitrate of silver will yield silver at the cathode^ wad fused 
nitre, iodide and chloride of lead will all be found decomposable by 
the same means. Thus it appears that the nitric acid not^only 
assists the action so far as to enable a larger quantity of the force 
to circulate by its secondary action upon the hydrogen; but actually 
exalts its intensity. 

The following bodies are electrolytic in the order in which they 
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are placed; those which are first being decomposed by the current 
of lowest intensity : — 

Iodide of Potassium (solution), 

Chloride of Silver (fused), 

Proto-chloride of Tin (fused), 

Chloride of Lead (fused), 

Iodide of Lead (fused), 

Muriatic Acid (solution). 

Water, acidulated with sulphuric acid. 

§ 773. As different bodies arc thus decomposed with very different 
facilities, and require for their decomposition currents of different 
intensities, resisting some and giving way to others; so a current 
may really pass through, and yet not decompose an electrolyte. The 
quantity, however, is so very small as to require some management 
to render it evident. By leading a current from a single pair of 
platinum and amalgamated zinc plates, by platinum electrodes, into 
a vessel of acidulated water, and thence by a platinum wire, resting 
by its point upon a piece of filtering paper steeped in solution of 
iodide of potassium, placed upon another platinum plate, by which 
the circuit may be completed, it will be found that the current 
passes by the decomposition of the iodide. Such an apparatus has 
been found to bo still efficient after being in action for twelve days, 
without the slightest sign of decomposition of the water in the first 
vessel. Solution of sulphate of soda, substituted for dilute sulphuric 
acid, in the second vessel, will also conduct a small quantity of the 
force, sufficient to decompose a minute portion of iodide, without 
itself yielding. 

This kind of conduction is similar to that which is possessed in 
the highest perfection by metals, and which appears to be common 
to all bodies, although it occurs with infinite degrees of difference 
between the metals and the electrolytes. 

When in the apparatus which has just been described, a few 
drops of nitric acid are added to the electrolyte in the generating 
cell, evidence is afforded that water is decomposed in the second 
cell, in small quantities, by bubbles of gas appearing upon the 
two electrodes. Thus the proof is complete, that the current excited 
by dilute sulphuric acid, with a little nitric acid, has intensity 
enough to overcome the chemical affinity exerted between the oxygen 
and hydrogen of water, whilst 4hat excited by dilute sulphuric acid 
alone has not suflScient intensity. 

§ 774. Having thus explained the great fundamental law of 
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‘‘ definite electro-chemical action in direct proportion to the absolute 
quantity of electricity which passes in a current,” we must pause to 
observe that the electricity of the common electrical machine, not- 
withstanding the almost instantaneous way in which, from its high 
intensity, it passes from one point to another during its discharge, 
must be looked upon as in the current state, and as capable also of 
producing electrolytic effects in proportion to its quantity. This 
quantity, however, by which alone it can effect the transfer of the 
different ions, is almost inconceivably small when compared with 
that which is generated by the constant action of the voltaic battery. 
It may be somewhat retarded in its course by causing it to pass 
through bad conductors, as we have seen (§ 360) by its effects in 
firing gunpowder, but still, however rapidly the discharges may be 
made, their course must be always fitful, and unlike the equal flow 
of the Voltaic current. Notwithstanding this, it may be experi- 
mentally shown that voltaic and common electricity have powers 
of chemical decomposition alike in their nature, and governed by 
the same law of arrangement. 

§ 775. Upon a glass plate place two pieces of tin foil at a 
distance from each other, and coiinect one of them by an insulated 
wire with the vitreous conductor of the electrical machine, and the 
other with the ground, or with the resinous conductor. Place a 
piece of platinum wire in metallic communication with each of 
them by one end, and resting by their mere points upon the glass in 
the interval. The points arc tlicn to be connected together by any 
electrolyte which it may be intended to ex])eriment upon, and they 
become the electrodes of the arrangement. When they are made 
to dip into a large drop of muriatic acid, coloured blue by sulphate 
of indigo, and the machine is put into action, chlorine will be 
evolved upon the point connected with the vitreous conductor, and 
will be shown by its bleaching effects. If a drop of solution of 
iodide of potassium, mixed with starch, be substituted for the 
muriatic acid, the evolution of iodine will bo indicated at the same 
point ; and when a drop of solution of sulphate of copper is electro- 
lyzed, the evolution of hydrogen will be indicated by the precipita- 
tion of the metal at the opposite electrode (157). 


(157) This simple apparatus is represented on the next page. 
a and h are two pieces of tin-foil, one of which is connected by an insu- 
lated wire, c, with the positive conductor of the machine, and the other 
by the wire, g, with the ground or the negative conductor, Two pieces 
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§ 776, The tension of electricity from friction causes it, how- 
ever small in quantity, to pass through any length of liquid con- 
ductors as fast as it can be produced, and therefore, in relation to 
quantity, as fast as it could pass through much shorter portions of 
the same substances. With the voltaic battery the case is very 
different, and the passing current of electricity suffers serious dimi- 
nution in any electrolyte by considerable extension of its length. 
When pieces of litmus and turmeric paper are placed each upon a 
separate piece of glass, and connected by an insulated string, and 
moistened with the same solution of sulphate of soda, the terminal 
points of platinum wire resting upon the papers, alkali and acid 
appear at the two extremities in their proper places, and no differ- 
ence will be perceived between this arrangement and one in which 
the discharge would only take place through a few inches of the 
same conductors. 

§ 777. Metallic communications, or electrodes, are not, in 
fact, necessary to determine the current in these experiments. If 
a piece of turmeric paper and a piece of litmus paper, be joined 
together so as to form one pointed conductor, moistened with sul- 
phate of soda, and bo supported on wax between two points, con- 
nected with the two conductors of the machine, the vitreous point 
being opposite the litmus paper, and the resinous opposite the 
turmeric, with an interval between each of about half an inch, the 
evidence of polar decomposition will quickly appear upon working 
the machine. In tliis case, the air itself may bo said to constitute 
the electrodes, the particles communicating the charge on one side, 
and receiving it on the other, after it has performed its electrolytic 
work. 


§ 778. Dr. Faraday remarks, that it is wonderful to observe 
how small a quantity of a compound body is decomposed by a cer- 


of fine platinum wire, bent as follow^, are provided. The part, djT, is 
nearly upright, while the whole rests upon the three points, p efi These 
are placed as in the first figure, and the points p and n become the elec- 
trodes where the decompositions take place. 
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tain portion of electricity; and he has made a*careful comparison of 
the electrolytic effects of electricity from friction, and of voltaic 
electricity, to show what an enormous quantity of the force is natu- 
rally associated with the elements of a grain of water, and is required 
for its decomposition. Two wires, one of platinum and one of zinp, 
each of an inch in diameter, placed ^ths of an inch apart, and 
immersed to the depth of gths of an inch in acid, consisting of one 
drop of oil of vitriol and four ounces of distilled water, at a tempe- 
rature of 60° Fahrenheit, and connected at the other extremities by 
a copper wire 18 feet long, and thickness, yielded 

as much electricity in little more than three seconds of time, as a 
Leyden battery exposing a surface of 3500 square inches, charged 
by SO turns of a plate-glass machine, 50 inches diameter, in full 
action. This quantity, though sufficient in its exalted state of ten- 
sion to have killed a rat or cat if passed at once through its head, 
as by a flash of lightning, was evolved by the mutual action of so 
small a portion of the zinc wire and water in contact with it, that 
the loss of weight sustained by either would be inappreciable by our 
most delicate instruments. By carrying out this calculation further, 
it M^ould appear that 800,000 such charges of the Leyden battery 
would be necessary to supply electricity sufficient to decompose a 
single grain of water ; a (quantity which would be equal to a very 
powerful flash of lightning ; but wdiich, in an infinitely lower state 
of tension, would be supplied, in three minutes and three quarters, 
by an electric current capable of keeping a platinum wire 
an inch in thickness red hot. 

§ 779. The disruptive discharge of the voltaic battery through 
air is dependant upon precisely the same principles as that of the 
Leyden battery ; but the phenomena are modified by the lower 
intensity, greater quantity, and perpetual renewal of the force. 
When passing between two charcoal points, its duration renders it 
the most splendid source of light which is under the command of 
art. Rarefaction of the medium through which it passes, either by 
heat or by mechanical means, produces the same effects as upon the 
common electric spark from friction. When the poles of a powerful 
battery are gradually separated after contact, the discharge takes 
place through an interval which increases with the heating of the 
air by the ignitedjji|||i|lWf(;oal. With the original battery of the Royal 
Institution of 2()0i) plates, the discharge passed through four inches 
of air; and with the constant battery of 70 cells, the flame is 
much more voluminous, and extends to the distance of one inch. 

It would, however, appear that the air is not the only form of 
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matter which is concerned in the phenomena, but that particles of 
the solid electrodes contribute to the general effect by convection. 
It is probable that the superior brilliancy of the phenomena with 
charcoal may be owing to the larger number of its solid particles, 
which its small cohesion enables it throw off in the process (158). 

§ 780. In some experiments with a large battery constructed 
by Dr. Hare, the platinode was made of plumbago, and the zincode 
of well-burned charcoal ; a most vivid discharge was produced, and 
fused particles of the plumbago were transported over to the opposite 
pole, which sensibly increased in length.. • 

In other experiments which were lately made by the author 
with a constant battery of 70 large cells, a great body of flame was 
generated which passed through a distance of about an inch, and 
the charcoal of the zincode invariably presented a cup-shaped cavity, 
while a considerable protuberance was formed upon the platinode 
of hardand brilliant carbon with a marnmillated appearance. When 
the zincode was of platinum, and the platinode of charcoal, the 
latter became studded with globules of fused platinum ; and when 
this arrangement was reversed, a considerable protuberance of carbon 
was formed upon the platinum platinode. 

§ 781. The colour of the light varies with the substaneqp 
between which the discharge passes. The beautiful effects produced 
by the deflagration of thin metallic leaves interposed in the course 
of the discharge are not owing to the combustion of the metals, 


(158) Some notion of the appearance of the voltaic flame, both in 
the air and in vacuo, may be formed from the annexed sketches. The 
arched form is owing to the ascensional force of the heated air. 
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though in some cases increased by this cause, but arise from a dis- 
persion of their particles analogous to that of the more momentary 
explosion of the Leyden battery. They equally, in both cases, take 
place in vacuo. 

Gold-leaf emits a white light tinged with blue ; silver, a beau- 
tiful emerald green light; copper, a bluish white light with red 
sparks; lead, a purple; and zinc, a brilliant white light fringed 
with red. 

The disruptive discharge of the voltaic battery will take place 
with great brilliancy under the surface of distilled water; some 
electrolytic effect will at the same time occur, but the greater part 
of the charge will pass in a brilliant stream of light. 

§ 782. It remains now that we trace the passage of the 
voltaic current through the good- con ducting portion of its circuit ; 
and it cannot be doubted that the process depends upon the same 
condition of particles as that which we described as preceding and 
accompanying the similar, but momentary, propagation of electri- 
city from friction. 

As an intermediate link between electrolytes and conductors, 
we are presented with a remarkable substance in sulphur et of 
siher. When placed in the circuit with a galvanometer, the needle 
indicates a feeble conducting power at ordinary temperatures ; but 
on gently warming it, the conducting power rises rapidly with the 
heat, till at length the galvanometer needle jumps into a fixed 
position, and the sulphuret, while still in the solid state, is found 
conducting like a metal. On allowing the heat to fall, the effects 
are reversed. While hot, the sulphuret conducts sufficiently well 
to afford a spark like a metal. 

§ 783. This effect of heat is in direct contrast with its influ- 
ence upon metallic bodies, the conducting power of which generally 
varies with their temperature, and is lower in some inverse ratio as 
the temperature is higher. If a fine wire of platinum of four or five 
inches in length be placed in a voltaic circuit, so that the electricity 
passing through it may heat the whole of it to redneel^ and the 
flame of a spirit-lamp be applied to any part of it, so as to raise that 
part to" whiteness, the rest of the wire will instantly become cooled 
below the point <<)f visible ignition. For the converse of the experi- 
ment let the wire be suspended in a loop, and the lower part dipped 
into water, or cooled by ice, and the other parts will immediately 
become much hotter, and from a red will rise to a white heat. 

The effect of heat upon solid di-electrics is curiously contrasted 
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with its influence upon the conducting power of metals ; for if glass 
be heated it becomes a conductor^ and incapable of insulating statical 
electricity. 

§ 784. The metals differ greatly from each other in the 
resistance which they offer to the passage of the current ; and in 
general it may be stated that those, which are the best conductors 
of heat, are also the best conductors of electricity : it is therefore 
remarkable that charcoal, which is one of the worst conductors of 
heat, is an excellent conductor of electricity. It is not easy to 
determine the exact differences of the metals by experiments which 
are free from the intervention of disturbing causes. We have 
already given (§ 337) a table of the conducting powers of eight 
metals as determined by Mr. Harris, by the discharge of electricity of 
friction, upon the hypothesis that they are in inverse proportion to 
the heating powers. The following Table includes the similar results 
of the experiments of M, Bccquerel upon the same metals with cur- 
rent electricity. It will be seen that they do not very materially differ 
from the first, although they were obtained by the totally different 
method of measuring the magnetic powers of the current instead of 
its calorific effects. 


Tahle XXXV. 

Copper . . 1 00. 

Gold . . . 93.(3 

Silver . . 73.0 

Zinc . . . 28.5 


Electrical Conduction* 

I Platinum . . 16.4 

I Iron .... 15.8 

I Tin. . . . 15.5 

1 Lead . . . 8.3 


In experiments of this kind it is necessary to attend to the purity of 
the metals ; for it has been ascertained, particularly by the experi- 
ments of Mr. Harris, that the conducting power of alloys is very 
different from those of their component metals: an observation 
which greatly favours the view of conduction which refers it to an 
action of constituent particles. 


§;^85. In consequence of its good conducting power, a much 
greater length of silver wire of a given diameter will be maintained 
in a state of incandescence by a constant current, than of platinum 
or iron ; but if a compound wire be made of alternate short lengths 
of silver and platinum, the latter will become rid hot while the 
former remains cold (159). The charge which passes freely along 


(159) The compound wire may be disposed between the two elec- 
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the silver meets with resistance enough in the platinum to produce 
ignition. If a platinum wire be passed through a vessel containing 
water, little of the current is diverted from its course, on account of 
the bad conducting power of the liquid for electricity of such low 
intensity; and the consequence is, that it may easily be made to 
boil by the heat evolved. 

The law of conduction in metals has been determined by very 
accurate experiments to be, that for the same metal the power 
increases directly as the area of their section, and inversely as their 
length. 


§ 786. It is difficult, if not impossible, to establish anything 
like a rigorous comparison between the results of two processes so 
different as those by which conduction is carried on in liquids and 
solids ; bufc M. Pouillet has determined that the same law is main- 
tained for liquids contained in cylindrical tubes. He has also com- 
pared together the conducting power of different saline solutions so 
placed; the electrodes being formed of the metal, the oxide of 
which was in solution ; but of platinum for pure water. He found 
that 433 feet of platinum wire 0.006 inch in diameter, were equi- 
valent to a column of saturated solution of sulphate of copper 
3i feet in length and 0.8 inch in diameter. This result makes the 
conductibility of the platinum two million and a half times greater 
than that of the solution. 

Then taking the conducting power of a saturated solution of 
copper at 59®, as the standard of comparison, the power of other 
solutions he states to be as follows : — 

Saturated Solution of Sulphate of Copper .... 1 . 

Ditto diluted with 1 volume of Water 0.64 

Ditto ditto 2 volumes „ 0.44 

Ditto ditto 4 volumes „ 0.31 


trodes, n and p, as shown in this figure. The platinum links, pppp^ 
become red hot during the passage of the current, while the alternate 
silver links, ssss^ remain dark. 
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&tiirat6d Soltttion of Sulphate of Zinc 0,41 7 

Distilled Water 0.0025 

Ditto with Nitric Acid ....... 0.015 


f 787. Now there can be no doubt that the current action 
of any voltaic circuit is directly as the electro-motive force, and 
inversely as the resistances which that force has to overcome ; and 
M. Ohm has shown, that expressing these conditions by the general 
algebraic formula, — 

A ^ w E 
r + nr' ^ 

we are led, by the various operations which may be performed upon 
it, to many very important theoretical conclusions, which may be 
verified by experiment. 

A stands for the intensity of actipn. 

E represents the electro-motive force ; which is independent of 
the size of the plates, the conducting power of the electrolyte, and 
the thickness of its stratum. 

n denotes the number of elements in the series, 
r' represents the resistance of a single cell of the battery, and 
is dependant upon three things. 1st. It increases directly as the 
thickness of the stratum of liquid. 2nd. It decreases directly as 
the size of the (conducting) plates increases. Srd, It decreases 
directly as the conductibility of the liquid increases. 

r represents the resistance of the conductors exterior to the cells, 
including the galvanometer, &c. 

§ 788. It would be inconsistent with the objects of this 
preparatory view to follow out this train of investigation, which will 
be found to possess great interest for the more advanced student of 
the science; but we will conclude this part of our subject with 
some practical results obtained by different combinations of the 
elementary cells of a large constant battery, measured by the 
voltameter. 

The cylinders were 20 inches in height by 3i inches in diameter, 
and the zinc rods were iths of an inch in diameter. The electro- 
lyte consisted of 8 parts of water and 1 part of oil of vitriol by 
measure, and in the exterior divisions of the cell was saturated with 
sulphate of copper. The temperature was about 65^. The duration 
of each experiment was one minute. 
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First Set of Experiments. 

NumberofCdls ... 1 2 3 4 6 10 16 20 

Cubic Inches of Gas 0 viiwi. li ® 

Second Set of Experiments. 

All cells direct. 1 inverted. 2 inv. 3 inv* 4 inv* 3 inv. 

Cubic Inches . 17i 12f lOi 8i Si 

6 inverted. 7 inv, 8 inv. 9 inv. 

„ 3i li H vffic. 

Third Set op Experiments. 

Number of Double Cells . . 6 10 

Cubic Inches of Gas .11 20 


Fourth Set. op Experiments. 

9 Triple Cells. 5 Quadruple Cells. 

Cubic Inches of Gas . 14i 15| 


When a series of 6 single cells was connected with a series of 
6 double cells and the same voltameter employed, the amount of 
gas was 14i cubic inches. 

When two series of 5 double cells were each connected with the 
same voltameter, the amount of gas was 15 1 cubic inches. Each 
double series alone gave 1 1 cubic inches. 

From these experiments, it appears that the most advantageous 
adjustment of active force and resistance is In the series of 10 single 
cells, and that the largest amount of work which can be derived 
from 20 cells, is when they are arranged in two series of ten : for,^*— 


Cells. Cub. In. 
10 give 12i 
2 

20 ... 25 


Cells. Cub. In. 

5 give 6 
4 

20 ... 24 


Cells. • Cub. In. 

4 give 3|- 


20 ... 19i 


20 in Single Series give 17i cubic inches. 

10 Double Cells give 20 „ 

Cells. Cub. In. Cells, Cub. In. 

6 Double give 11 5 Quadruple give 15| 

2 


20 


22 


20 


151 
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With a battery of 70 cells in single series, the great powers of 
which have been already referred to (§ 780), the quantity of decom- 
position per minute from a voltameter, with the usual charge of 
acidulated water, was only 17 cubic inches ; while with distilled 
water the passage of a current was scarcely indicated by a few 
bubbles of gas, which rose from the electrodes. 


Thermo-Electricity. 

§ 789. We have seen that, when the electric current meets 
with obstruction to its course, the equilibrium of heat is disturbed 
even in good conductors ; it might, therefore, have been a priori 
expected that a disturbance in the equal flow of heat would produce 
an electric current, in such forms of matter as are capable of 
transmitting it. 

We are indebted to Professor Seebeck of Berlin, for tlie experi- 
mental confirmation of this conclusion in 1832, and the discovery of 
the phenomena of thermo-electricity, 

§ 790. If a platinum wire be carefully soldered to the two 
extremities of a delicate galvanometer, and it be heated at any point 
remote from the junctions, no disturbance of the electric equilibrium 
will be produced ; from the homogeneous structure of the wire, the 
heat will flow equally to the right and left of the heated point. But 
it will be very different if a knot, or a spiral turn, be made in the 
wire without breaking it : for if the focus of heat be applied to the 
right of such obstruction, an electrical current will be established 
from right to left and will be indicated by the needle. This must 
arise from the unequal rate at which the heat will obviously be 
propagated on the two sides of the obstructing mass. Wires of 
copper and silver will act in the same way, only in a very 
inferior degree. The same effect will be produced if the wire, 
instead of being continuous, be divided, and each end being twisted 
into a spiral to increase the surfaces, one be heated red in a spirit 
lamp, and brought into contact with the other. The deviation of 
the magnetic needle will indicate as before, that a current is passing 
from the hotter to the colder point. That these effects do not 
depend upon any chemical action of the air, is proved by performing 
the experiment under the surface of well purified oil, under which 
circumstances the same results will be obtained. 

Those metals which possess a decidedly crystalline texture pre-* 
sent even more marked electrical phenomena from the unequal 

2 H 2 
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propagation of heat in their masses. If a ring, or rectangle, be cast 
of antimony or bismuth, of the diameter of three or four inches, and 
of the substance of about the third of an inch, and one half of its 
surface be kept cool by ice and the other heated, a current of 
electricity will be immediately established of sufficient power to 
affect the magnetic needle without the assistance of a coil. 

§ 791. These thermo-electric effects, again, are very much 
increased by combinations of two metals. If a bar of antimony 
have a copper wire soldered to it, or merely twisted round one of 
its ends and attached to the other in the form of a loop, when 
heated at the contact of the metals at one extremity, it will strongly 
deflect a magnetic needle placed above or belo|f it (160). 

It is found that similar circuits may be li9i||N9d of combinations 
of other metals, and that they may be ranged in the following order 
according to their thermo-electric efficiency; the most powerful 
combination being formed by those metals which are the most 
distant from each other in the series : — bismuth ; platinum ; lead ; 
tin ; copper, or silver ; zinc ; iron ; antimony. When heated toge- 
ther, the current is found to proceed from those which stand first to 
the last. 

§ 792. There can be little doubt that the specific heat and 
conducting power of the metals must be concerned in these effects ; 
but in comparing the tables of each, the connexion does not imme- 
diately appear. Structure or crystalline arrangement has also much 
influence upon them. With some combinations, as for example, 
zinc and silver, the current will go on increasing with the tempera- 
ture to a certain point, 248° ; will then become null and, by increas- 
ing the heat, will be re-established in the contrary direction. This 
singular phenomenon is most probably referrible to a change in the 
arrangement of the particles of the zinc. 

§ 793. The different powers of the currents from different 
couples of metals, for the same differences of temperature, may be 
ascertained by forming a compound circuit of all those which it is 


(160) a represents a bar of antimony with a piece of copper wire 
^ twisted round one end of it, A, and looped over 
' the other end, c. When heated by the flame of 
a spirit lamp at the contact of the metals 6, a 






magnetic needle placed at d, will be deflected. 
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wished to compare. All the junctions are kept at the temperature' 
of melting ice, except that which is to be thrown into activity, 
which may be raised by being plunged into hot oil. The mere 
conducting power of the circuit thus remains the same in every 
experiment, and the results will be strictly comparable with each 
other. The following Table exhibits the quantities of the currents 
for a difference of 36®, of pairs of eight metals differently arranged ; 
the lengths of which were 7.88 inches, and their diameters about 
two hundredths. The sign + indicates the metal from which the 
current proceeds. 

Table XXXVL Thermo-Electric Po'ixen of different Metallic 

Couples. 



Temp, of 

Deviation 

Intensity of 


Junction. 

of Needle. 

Currents. 

+ — 

Iron and Tin 

68“ 

36“.50 

31°.24 

+ — 

Copper and Platinum . 

68 

16.00 

8.55 

4* — 

Iron and Copper 

68 

34.50 

27.96 

Silver and Copper 

68 

4.00 

2. 

4* “ 

Iron and Silver . . . 

68 

33.00 

26.20 

+ — 

Iron and Platinum 

68 

39.00 

36.07 

Copper and Tin . 

68 

7.00 

3.50 

+ — 

Zinc and Copper 

68 

2.00 

1.00 

+ 

Silver and Gold . 

68 

1.00 

0.50 


§ 794. Similar circuits may also be formed, according to the 
experiments of M. Nobili, with substances whose conducting power 
is lower than that of the metals. He made small cylinders of 
porcelain clay, of the length of two or three inches and three or 
four lines in diameter, and wrapped round the ends of each some 
cotton steeped in a conducting liquid which served to place them in 
direct communication with the galvanometer. One of the ends was 
reduced to a point, and after heating it red at a spirit lamp, he 
pressed it upon the cold extremity of the other cylinder, and a 
current was established from the hot part of the arrangement 
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towards the cold. This effect is owing to the mutual reaction of 
two portions of water of different temperatures. 

§ 795. The thermo-electric current may be increased by 
forming a compound circuit, and arranging the pairs of metals in a 
series of alternations analogous to those of the voltaic pile. If three 
bars of bismuth with three of antimony placed alternately, so as to 
form the sides of a hexagon, be soldered together and placed upon 
two supports in a horizontal position, one of the sides being in the 
magnetic meridian with a compass-needle below it, upon heating 
one of the junctions, the needle will be sensibly affected. The 
deviation will be considerably increased on heating two of the alter- 
nate angles of the hexagon ; and a still greater deviation will bo 
produced when the heat is applied to the three alternate angles. 

In all these combinations, similar effects may be produced by 
reducing the temperature of one or more of the junctions by the 
application of ice or other means ; and when the action of ice, on 
one set of the alternate angles, is combined with that of flame on the 
other set, the effect is still more considerable (161). Upon multi- 
plying still further the number of alternations, it is, however, found 
that the total effect is inferior to the sum of the effects which the 
same elements could produce when employed in the formation of 
simple circuits. This is owing to the low state of intensity of the cur- 
rent which occasions great loss of power, whenever it has to traverse 
any considerable lino of conductors even of the most perfect kind. 

§ 796. The thermo-electric pile has lately been applied by 
Messrs. Nobili and Melloni, as a most delicate and accurate measure 
of temperature. Thirty-six pairs of bars of bismuth and antiiriuny, 
packed into a small compass, and having a very delicate galvano- 
meter with two needles attached to them, were found to be so 
sensible as to be affected by the warmth of the liand at the distance 


(161) aa a a represent four bars of antimony soldered to four bars 
of bismuth, hhbb. If the extremities at c be 
placed in perfect metallic communication, as by 
the wires of a galvanometer, and the temperature of 
the junctions be alternately raised and depressed, 
an electric current will be determined in the 
direction of the arrows; which will cause the 
deflection of a magnetic needle placed immediately 
over, or under, any part of the circuit. 
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of thirty feet, and an instrument constructed upon this principle, 
with all the necessary precautions, is applicable to a variety of 
delicate investigations for which any of the common thermometers 
would be totally insufficient. 

§ 797. The thermo-electric current will occasion convulsions 
in the limbs of a frog, but is inadequate in its primary state to effect 
any kind of chemical decomposition. 

§ 798. M. Pouillet has compared together the thermo-electric 
and the hydro-electric currents, by passing the latter through a 
platinum wire of sufficient length to reduce it to an intensity just 
sufficient to balance the former. In one of his experiments he found 
that 590 feet of platinum wire .006 inches in diameter, comprising 
the resistance of the battery previously determined in this measure, 
were required to reduce the current from twelve pair of plates with 
double coppers to an equilibrium with that of one pair of bismuth 
and copper, in a circuit of 65.6 feet of copper wire of 0.039 inches 
diameter, with a difference of 76° Fahrenheit of temperature. 

By calculating, from subsequent experiments, the relations 
between the electro-motive forces and the resistance, in these two 
cases, he ascertained that the hydro-electric current had an inten- 
sity 114,000 times greater than that of a single pair of bismuth 
and copper, produced by a difference between the two junctions of 
1.8° Fahrenheit. 

§ 799. We are now prepared to examine more accurately 
the effect which the electric current produces upon the temperature 
of good conductors, when it passes from one metal into another in 
the same circuit. W e have already seen (§ 785), that when traversing 
a compound wire of platinum and silver, the alternate links of the 
former metal become red-hot, whilst those of the latter remain dark 
and comparatively cool : this effect we ascribed to the difference of 
the conducting power of the two metals. If a weak current from a 
single circuit be transmitted through a bar of equal lengths of bis- 
muth and antimony soldered together, from the antimony to the 
bismuth, heat is evolved at the point of junction, but if in the con- 
trary direction, from the antimony to the bismuth, an absorption of 
heat, and consequent depression of temperature, will take place. 
The effects are appreciable by a delicate thermometer, the ball of 
which may be placed in a hole drilled in the bar at the point of 
junction, and it will rise in the first case 80° Fahrenheit, and sink 
in the second 6.5'’ Fahrenheit. If the bar be laid upon molting 
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snow, and a little water be placed in the cavity made for the ther- 
mometer, it will be completely frozen in a few minutes. 

§ 800. This production of cold by the voltaic current may 
be demonstrated also in a striking way by the secondary thermo- 
electric current which it tends to generate. Let a bar of bismuth 

inches long, 0.4? inch square, and a similar bar of antimony be 
placed across each other at right angles, and mortice half their 
thicknesses into each other at the place where they cross, and solder 
them together with tin. On connecting two of their ends with a 
galvanometer, and sending a current through the others, a deflection 
of the needle will take place on one side from the current generated 
by the change of temperature ; when the direction of the current is 
reversed, the needle will be deflected in the contrary direction, 
proving that an opposite change of temperature has taken place 
from the reversal of the current. That this secondary current is 
not due to any diversion of the primary current, may be proved by 
connecting the two ends of the same bar with the galvanometer, and 
sending the current through the other bar, when no effect will be 
produced. 

These effects of what may, perhaps, be designated as electro- 
ihermancy which we owe to M. Pelltier, are the converse of those of 
thermo-electricity. 

§ 801. There is another well-established and remarkable 
effect of the heating power of the voltaic current, which is as yet un- 
explained. When the conducting wires from the two extremities of a 
powerful battery cross one another, and are brought in contact, upon 
separating them to a short distance, a flame will appear between the 
two, and the zincode, or electrode connected with the conducting 
plate of the battery, will become red-hot, and that connected with 
the generating metal will remain dark, and comparatively cool. 
This effect is constant, of whatever metal the conducting wires may 
be made. 

§ 802. The power of fusion by the electrical flame is greatly 
influenced by this circumstance, and metals laid upon charcoal in 
connexion with the zincode, melt much more readily when the 
flame is directed upon them from the platinode, than when their 
situation is reversed. The constant battery of 70 cells before 
referred to, completely fused the most refractory metals when thus 
disposed; and platinum, rhodium, titanium, and iridium, were 
melted in considerable quantities. 
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Electro-M agnetism. 

§ 803. We must now inquire more particularly into the 
action and laws of that magnetic force which we have found con- 
stantly accompanying the electrical current, however excited, and 
the measure of which we have already adopted as the measure of its 
associate force. Wo are indebted to Professor CErsted for having 
laid the foundations of electro-magnetic science upon well-devised 
and convincing experiments. The apparent analogy between the 
phenomena of electrical and magnetical induction, as well as the 
uncertain effects of electrical discharges, both natural and artificial, 
upon the magnetic needle, to which we have already referred (§ 379), 
early induced philosophers to suspect an intimate connexion between 
their causes, and various attempts were made to establish such a 
relation. Nothing, howevei*, satisfactory had been effected up to 
the time of the Danish Philosopher’s researches. The effects of 
electrical currents and discharges upon the needle had always been 
sought for at the points where the other effects had been produced, 
namely, at the poles or interruption of the circuit; but he found 
them in the uninterrupted current and the closed circuit. 

§ 804. When a wire, connecting the generating and con- 
ducting plates of a Voltaic battery, is laid in a heap of iron filings, 
they adhere all around it equally, and not more towards the ex- 
treme ends than ai any other part, and present the appearance of a 
closely-compacted layer, instead of that bristled, divergent, arrange- 
ment, which characterizes the polar attraction of the ordinary 
magnet. When the circuit is broken in any part, they immedi- 
ately fall off under the force of gravity. 

The general effect of the conducting wire upon the magnetic 
needle has already been described (§ 675) ; the latter is not attracted 
by either of its poles, as by a magnet, but tends to place itself across 
the wire; the direction of its poles always having a constant relation 
to the direction of the Voltaic current (162). 

§ 805. The conducting wire produces no effect upon needles 


(162) If p N represent the conducting wire, the posi- 
tion of the needle 8 n will depend upon its being above 
or below the wire. If, when above the wire, the position 
of the marked end m, be to the right, when placed below 
the wire, the same end will be directed to the left. 


p 
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of brass or other non-magnetic metal ; nor on needles of glass or lac 
suspended in the same way as the magnetic needle; but its action is 
freely transmitted through glass, metals, wood, water, or resins; hence 
it is inferred that the active force is not that which we have distin- 
guished as electrical, but agrees in character with the magnetical. 

§ 806. Electro-magnetic effects do not depend upon the 
intensity of electricity, or the number of the battery series, but 
solely upon the quantity thrown into circulation, or the efficient size 
of the conducting surface. 

Professor CErsted early found that a plate of zinc, of 100 square 
inches, immersed into a corresponding copper vessel containing 
dilute acid, acted upon the needle at the distance of three feet, but 
that, when forty such combinations were placed in series, the effect 
was not increased. 

§ 807. The magnetic force of the conducting wire is capable 
of acting by induction upon soft iron, and of communicating a per- 
manent magnetic polar condition to bars of steel. If needles be 
attached to the wire in different directions, by fine silver wire, some 
parallel, others transverse, above and below, they will all become 
magnetic when the current is transmitted. Those which are parallel 
to the wire will attract filings in the same way as the wire itself, but 
those in a transverse direction will exhibit each two polos. All the 
needles which are placed under the wire will havq their poles in one 
direction, while those which are over it will have their poles in the 
contrary direction. On breaking the circuit, the needles that were 
on the wire in a transverse position, will retain their magnetism, 
Avhilst those that were parallel to it will be found to lose their force 
at the same time as the wire itself. The opposite action of the oppo- 
site sides of the wire, which we have already found to be indicated 
by the magnetic needle, is manifest in these permanent effects. 

§ 808. These magnetic actions are capable of a high degree 
of concentration by coiling the wire in such a way as to bring many 
portions of the same side to bear upon one point. Many hundred 
needles, fastened in a transverse direction upon the under part of the 
conducting wire, would instantly be magnetized to the same amount, 
and in the same direction : but if the wire be twisted in the manner 
of a cork-screw, so as to form a hollow spirM, a needle placed within 
it will cross it many times by its several turns, and have the force 
concentrated upon it, which was previously diffused over the whole 
number of needles. Such a spiral conformation is denominated 
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a holix. It will be obvious, upon a little reflection, that, accordingly 
as the circumvolutions of such a helix are directed from right to 
left, or from left to right, or in the manner of a right-handed or 
left-handed screw, the upper or the under side of the originally- 
horizontal wire will be turned inwards, and the direction of the 
accumulated force will vary accordingly. To prevent direct com- 
munication between the coils of the wire in experimenting with 
such an arrangement, the conducting wire should be covered with 
silk; or it may be twisted round a glass tube, which substances, 
while they insulate the electric forces, are freely traversed by the 
magnetic. A steel needle, placed in the axis of such a cylinder, 
becomes instantly and permanently magnetic, and, as its two poles 
are oppositely acted upon by the single force of the one side of the 
wire which is directed upon it, it will place itself directly in the 
centre, where alone it can be in a state of equilibrium between the 
attraction and repulsion which impel it in contrary directions. 
When disturbed from this position, by being pushed nearer to one 
end, the forces derived from the turns of the wire collectively act 
with more power upon that polo which is nearest to the middle point 
of the axis. They will, therefore, prevail over those that urge the 
more distant polo in the contrary direction, and the magnet will be 
brought back to its former position in the centre. So powerful is 
the action of a helix of this description, that, if a small steel bar be 
placed within it, and supported in a perpendicular |iDsition, the 
moment the connexion is made with the V oltaic battery, it will be 
seen to start up, and place itself in the axis, remaining suspended in 
opposition to the force of gravity (1 63). A heavy body, thus hanging 
in the air, without any visible support, realizes the situation of the 
iron coffin of the impostor Mahomet, which is fabled to be thus 
balanced, without any material connexion and support, between 
two loadstones. 


(163) Let p n represent a conducting wire, in which the electrical 
current is flowing in the direction of the large dart, and the small darts 
will then exhibit the direction of the magnetic force, 

aOT^SeD^ 

Fig. 1. 


Fig. a 

In fig. 2, the same wire, f n, is shown coiled in a li^iral form round 
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§ 809, It will now be understood why, in describing the mag 
netic effect produced by the discharge of the Leyden apparatus, this 
form of the helix was adopted (§ 379); and in the result which has 
been described will be seen the confirmation of the opinion that the 
electricity of the common electrical machine, in the moment of its 
discharge, must be regarded as in the same current state as that of 
the Voltaic battery (§ 774). The intensity of the induced mag- 
netism is found to be proportional to the quantity of electricity trans- 
mitted through a wire in a given time, whatever the source of that 
electricity may be, and the magnetizing effects are produced nearly 
instantaneously. 

The concentration of magnetic action, from a wire conducting a 
current of electricity, may be carried still further by piling the coils 
of the helix one upon another, in the same direction; five, or six, or 
more, layers, in succession, may be thus compacted together, and 
each will add proportionatdy to the effect. No limits have been 
determined to this accumulation, provided the intensity of the 
current be increased in proportion to the increased resistance of the 
wire by the impulse of a battery series. The effect of the outer 
coils are transmitted without any diminution from the action of those 
within. 


§ 810. Electro-magnetic induction also takes place tempora- 
rily in soft^ron, and a very powerful magnet may be obtained by 
bending a thick cylinder of the best metal into the form of a horse- 
shoe, and surrounding it with a coil of copper wire, covered with 
silk or other non-conducting material. When the current of a 
moderate-sized battery is transmitted through the wire, the iron 
becomes powerfully magnetic, and will support a very heavy weight 
by means of a keeper applied to its poles, precisely in the manner of 
a common horse-shoe magnet. When the electric circuit is broken, 
all the attractive force ceases, and the weight falls to the ground. 
If, instead of breaking the connexion with the battery, the electric 
poles be changed so as to reverse the direction of the current, the 
poles of the magnet are changed with the utmost rapidity. The 
weight momentarily separates from them, but is instantly again 
attracted, and sustained with^ the same force as before. These 


a glass tube, and it is seen that the magnetism tends the same way in 
each convolution, and thus acts with concentrated energy upon the needle 
It s, placed in the axis of the arrangement. 
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effects are much increased by augmenting the number of coils upon 
the iron, without extending the length of the wire (164). In an experi- 
ment made by Professor Henry, of the United States, a horse-shoe 
of iron was wound with twenty-six stands of copper bell-wire, 
covered with cotton thread, thirty-one feet long; about eighteen 
inches of the ends were left projecting, so that twenty-eight feet 
only of each actually surrounded the iron. The whole length of the 
coil was, therefore, 728 feet. Each strand was wound on a little 
less than an inch; in the middle of the horse-shoe it formed three 
thicknesses of wire, and on the ends it was wound so as to form six 
thicknesses. With a battery of five feet square, this electro-magnet 
suspended 2063 pounds, or nearly a ton weight. 

§ 811. If the conducting wire of the battery, instead of being 
coiled into a hollow helix, be bent into a flat spiral, and be attached 
to one side of a card, through which the central wire passes, and 
descend in a straight line on the other side, the opposite surfaces 
will present opposite polarities, and the arrangement will imitate the 
effects of a magnet whose poles might be supposed to be situated in 
the centre of each disc. A wire of this form will collect a prodi- 
gious quantity of iron filings, which, if the rings are not continued 
quite to the centre, will arrange themselves in lines passing through 
the open ring parallel to the axis, and then closing up as radii round 
the centre (165). 

It will be understood that, in all these cases, the direction of the 


(1 64) This figure represents the conducting wire, 
p N, of a Voltaic circuit, covered with silk, to prevent 
metallic contact, wrapped spirally round a bar of soft 
iron, bent into the form of a horse-shoe. While the 
current is passing, the iron is converted’by induction 
from the wire into a magnet exactly resembling the 
permanent magnet represented in fig. 95, p. 258. 



(165) The next figure represents the conducting wire connecting the 
zinc and copper plates z and c, which are made to float by a cork in a 
basin of dilute acid, wound into a flat spiral. A current will then 
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poles of the arrangementB depends, first, upon the direction of the 
current with reference to the axis of the helix, and, secondly, upon 
the direction of the circumvolutions which compose it; or, in other 
words, upon the position of the conducting wire with regard to the 
generating and conducting metals of the Voltaic combination, and 
upon the part, upper or lower as the case may be, whose action is 
concentrated by the spiral folds. 

§ 812 . We must now return to a more particular examinar 
tion of the action of the single wire upon the magnetic needle, which 
is not of the simple nature which at first appears, but which was 
analyzed by Dr. Faraday with his usual ability. If it be placed in 
a perpendicular position, and made to approach towards one pole of 
the needle, the pole will not be simply attracted or repelled, but will 
make an effort to pass off on one side, in a direction dependant upon 
the attractive or repulsive power of the pole; but if the wire be 
continually made to approach the centre of motion by either the one 
or other side of the needle, the tendency to move in the former 
direction will first diminish, then become null, and ultimately the 
motion will be reversed, and the needle will powerfully endeavour to 
pass in the opposite direction. The opposite extremity of the needle 
will present similar phenomena in the opposite directions ( 166 ). 
Dr. Faraday drew the conclusion that the direction of the forces 


circulate in the direction of the arrows, and each side of the circle will 

have the opposite properties of two power- 
ful magnetic poles. One end of a magnet, 
(u 8y) presented horizontally to its axis, 
will cause the ring to move towards it, till 
it reaches its centre, where it will rest in a 
state of equilibrium. Jf the magnet be 
withdrawn, and its poles reversed, and (the 
ring being held in its first position) it be 
passed half way through the ring, the latter, 
when loosed, will, unless placed exactly in 
the centre, move towards the pole which is 
nearest to it, and, when clear of the mag- 
net, will be first repelled, and then, turning round, will be attracted, 
and pass again over the pole, and rest in equilibrio at its centre. 



(166) This figure represents horizontal sections of the conducting 
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was tangential to the circumference of the wire; that the pole of the 
needle is drawn by one force, not in the direction of a radius to its 
centre, but in that of a line touching its circumference; and that it 
is repelled by the other force in the opposite direction. In this 
manner, the northern force acted all round the wire in one direction, 
and the southern in the opposite. Each pole of the needle, in short, 
appeared to have a tendency to revolve round the wire in a direction 
opposite to the other, and, consequently, the wire round the poles. 
Each pole has the power of acting upon the wire by itself, and not 
as connected with the opposite pole, and the apparent attractions and 
repulsions are merely exhibitions of the revolving motions in different 
parts of their circles. 

§ 813. The needle, in its usual mode of suspension, in which 
the two poles which are oppositely impelled are both subjected to the 
action of the same part of the wire at the same time, cannot, of course, 
exhibit these rotatory motions; it rests in a state of equilibrium 
between the two forces across the wire; but by ingeniously limiting 
the action of the electricity to one polo. Dr. Faraday succeeded in 
producing the actual rotation of the pole about the wire, and of the 
wire about the pole. Ho immersed a small magnet, perpendicu- 
larly, in mercury, confining its lower end to the bottom of the vessel 
in which it was contained; it thus floated, almost vertically, with 
one pole above the surface : a wire was then fixed, perpendicularly, 
so as just to touch the mercury in the neighbourhood of the pole, 
and when a current of electricity was transmitted through the wire 
from a Voltaic circuit, the polo immediately began to rotate about 
the wire. The direction of the rotation depended upon the mutual 
relation of the pole and current. When the current from the zinc to 
the copper descended the wire, the marked polo rotated from left to 
right ; the unmarked pole from right to left ; and wheii|j|^e current was 
reversed, the rotation was changed (167). When once the principle 


wire in different positions with regard to the needle, s n, balanced in its 
centre. They are marked A or R, according as they appear to attract or 
repel the adjacent poles s and n ; and the arrow heads indicate the direc- 
tion of the circular motions which would result if the poles could be 
insulated. 

(167) The following figure represents an apparatus by which the rota- 
tion of the pole of a magnet round the conducting wire, and the correspond- 
ing rotation of the wire round the fixed pole may be exhibited, a is a glass 
vessel, in the bottom of which a hole is drilled, by which a metaliic com- 
munication is made with the mercury contained in it, with the wire of a 
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had been illustrated the suspension of both magnet and needle were 
varied by different experimenters in ma^ny different ways; and even 
the thermo-electric currents excited in two parallelograms of silver 
and platinum wires, fixed across each other, and heated, at the points' 
of junction of the two metals, by a spirit lamp, were made to rotate 
under the influence of a magnetic pole. 

§ 814. When the electrical current is made to descend through 
the upper half of the magnet itself, delicately resting upon a point, 
so as to act exclusively on the pole which is situated in that half, 
and is then diverted from the lower half, which may be effected by 
copper wires projecting from the centre and one end, and dipping 


Voltaic circuit a ; a small cylindrical magnet, 6, is attached by a thread, 
fastened to one of its ends, to the bottom of the cup, so that it may float 
almost upright in the mercury. The Voltaic circuit is completed by 
means of a wire proceeding from the brass stem c, dipping just below the 
mercury in the cup. When a current is thus established through the 
wires, and the mercury in the cup,* in the direction marked by the arrows. 


c 



the pole ft, which alone will be acted upon, will revolve about the fixed 
conductor. 

B is a similar glass vessel, filled also with mercury, in which the 
magnet V is fixed to the bottom; one of its poles projecting a little above 
the surface of the mercury. The wire c, which completes the Voltaic 
circuit, is suspended by a loop, so as freely to move round the pole. 
When the current is established in the direction of the arrows, the wire 
commences its revolution. But these rotations may at once be produced 
by the same current by connecting the wire a with the zincode, md a' 
with the platinode, of a Voltaic b^ttexy. 
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into circular grooves Med with mercury, the magnet will rotate with 
considerable velocity upon its axis. 

§ 815. The influence of the pole of a magnet upon electrical 
currents may be exemplified by liquid as well as by solid conductors. 
By immersing the two electrodes of a voltaic battery into mercury 
contained in a shallow basin, a magnet, held either above or below 
the line of communication, will cause the mercury to revolve round 
the points from which the currents diverge. Even the flame which 
is produced by the continuous discharge of a powerful voltaic battery 
between two charcoal points, is obedient to the same laws ; for Sir 
Humphry Davy found that the arched stream of light, produced by 
a battery of 2000 plates, was thrown into a rapid rotatory motion by 
the action of the pole of a magnet placed near it. A very pleasing 
way of showing this effect is to make a powerful horse-shoe magnet 
part of the conducting wire of a constant battery of a moderate 
number of cells; the flame, which may then bo drawn from one of 
its poles, will rotate in one direction, and that from the other in the 
opposite. 

§ 816. The current of electricity, which passes through the 
cells of the voltaic battery itself, exhibits the same electro-magnetic 
properties as those in the conducting wire, and a needle is aflected 
by it in the same w»y. If a double cylinder of copper, of about two 
and a-half inches ^metor, and of the same height, closed at the 
bottom, so as to be capable of holding dilute acid, be supported by an 
arch of copper upon a point resting upon one end of a perpendicular 
magnet, and if a cylinder of zinc, lightly constructed, and dipping 
into the cell, be supported by another point upon the top of the former, 
both cylinders will freely turn upon their points. The two toge- 
ther will constitute a single cell of a voltaic battery, and when 
filled with acid, an electric current will pass from the zinc to the 
acid, and will ascend from the copper through the pivot back again 
to the zinc. The zinc, therefore, is in the condition of a conductor, 
conveying a stream of electricity downwards, and will, consequently, 
revolve under the influence of the magnetic pole which it surrounds. 
The copper cylinder, on the contrary, is in the situation of a con- 
ductor conveying a current itpwards, and will revolve in the contrary 
direction (168). 


(168) In the annexed diagram, let the circle n represent the section 
of a wire conducting a voltaic current and the^dhrk and light arrows the 
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f 817 . Bttch a circumferential action an(J tangential direction 
of a force was wholly unknown to the time of Dr* Paraday'^s disco- 
very. All other known forces emanating from a point and exerted 
upon another point, act in the direction of a line joining these two 
points ; and such is the case with the electric and magnetic actions 
considered as unconnected. 


opposite directions of the two timgential forces of the associated mag- 
netism. For distinction sake, let us call the dark arrows the northern 
force, and the light arrows the southern force. If a B represent a magnetic 
needle, in which both the forces exist, it is clear that it will be attracted 



towards the wire, and, moving in the diagonal of the two oblique forces 
by which it is simultaneously acted upon, must take up a position of 
equilibrium directly across the wire. If the small circle (c) represent the 
pole of a magnet possessing the southern force, it will be repelled at once in 
a tangential direction Jrom the wire by the southern force of the current, 
and attracted in a tangential direction towdrds it by the opposite northern 
force; and it will therefore move forward in the direction of the dart 
attached to it in the diagonal of the two forces. In this manner, if we 
suppose it carried forward till it falls within the influence of the next 
pair of forces, the same operation will be repeated, and this tendency 
simultaneously to approach and recede from the wire in a tangential direc- 
tion, will produce a movement of rotation 
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§ 818. Another general fact was ascer^tained by M. Ampere 
soon after the discovery of CErsted, which tends to simplify the pro- 
blem by rendering the hypothesis probable that magnetic action is, 
in all cases, referrible to current electricity. When two conducting 
wires are suspended in such a way as to be capable of moving either 
towards or from each other ^at the time that electric currents are 
passing through them, they mutually attract or repel one another, 
according as the currents are moving in the same or in opposite 
directions. It does not matter whether the currents be derived 
from the same battery or from two ; when they flow in the same 
direction they will manifest a mutual attraction, when in opposite 
directions a mutual repulsion. This action is variously modified 
when the relative inclinations and positions of the currents are 
varied (169). 

When a slender steel wire is coiled into a helix, and placed in 
the voltaic circuit, it will instantly shorten itself, whenever a current 
is sent through it, owing to this mutual action of the different rings 
of the coil through which the current passes in the same direction, 
and it will recover its former dimensions, from its elasticity, the 
moment the current ceases. 

§ 819. M. Ampere assumes the mutual attractions and 
repulsions of electric currents as the fundamental fact to which, 
by the help of a particular hypothesis respecting the constitution of 


(109) Let c I) he an extended current passing from c to d, and the 
upper lines represent various positions of terminated currents, of which 
the directions arc marked hy the terminal’ arrows. The dotted arrows 


c 
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will then point out the directions of the resulting motions. It will he 
seen that when the terminated current is\ fro7n the line of the extended 
current it is urged to move in the same direction ; hut when its current 
is towards the extended current it is urged to move in the contrary 
direction. 

It will at once he perceived that if the 
motion of the terminated current were re- 
stricted to rotation round an axis at one of 
its extremities, as shown in the annexed 
figure, the action of the current, c n, would 
carry the terminated current, a b, round 
the whole circumference of the circle. 
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magnets, all the otiber facts, not only of eleetro-m^gnetUm but of 
magnetism also, are reducible. He supposes that all bodies posseseh 
ing magnetic properties, including the earth Itself, derive those pro- 
perties from currents of electricity continually circulating among the 
particles of which they are composed, and having, with relation to 
the axes of these bodies, a uniform direction of revolution, in planes 
perpendicular to those axes. We have already seen (§811,) that 
the action of conducting wires, rolled into the form of a flat spiral, 
produces on one side the effects of a marked pole, and on the other 
of an unmarked pole of a magnet. The actions of a helix at its two 
extremities, and at some distance beyond them, is similar ; and if 
the two ends of the wire which has formed the helix, be bent back 
so as to return in a straight course, along the axis till they arrive at 
the middle point, where they are again bent at right angles, so as 
to pass out between the coils, it may be freely suspended in various 
ways, and will completely imitate a magnetie cylinder. Such an 
electro-dynamic cylinder^ as M. Ampere has named it, may be sub- 
stituted in almost every form of experiment for a magnet, whose 
properties it will possess only so long as a current of voltaic electri- 
city is transmitted through it (170). 

§ 820. We formerly (§ 402) referred to the hypothesis 
of magnetic elements^ which was adopted to account for the pheno- 


(170) "Such an electro-dynamic cylinder is here represented; its 
ends, after returning through the coil, n are attached to the wires, n p, 
of a small voltaic circuit, consisting of a plate of zinc, surrounded by 
a plate of copper, and floating in a basin of dilute acid, in wbich it is 



free to move. Such a spiral will spontaneously place itself in the mag- 
netic meridian under the influence of the earth’s magnetism, and will 
be obedient to another magnet brought to either of its poles. 
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mena attMiding the fifticsture of a magnet, and which considered each 
particle of magnetised. iron as a separate magnet; in like manner 
M. Ampere'*g hypothesis regards the electric currents, to which a 
magnet owes its properties, as circulating round each constituent 
particle, all of which moving in the same direction will produce a 
combined effect which is equivalent to that of a circular current 
flowing uniformly round the circumference. If we regard a needle 
with its marked end pointing to the north, then the voltaic currents 
would ascend on the western side, pass from west to east in the 
upper surface, and descend on the eastern side : they would circu- 
late, that is, in a direction contrary to that of the currents which 
are supposed to produce the magnetism of the earth. 

§ 821. All the'*principal effects of terrestrial magnetism may 
be imitated by distributing a wire round the surface of an artificial 
globe in a spiral direction from the equator to the poles, the two 
extremities being turned inwards, and brought out at the two axes 
by which the connexion may be made with the battery. A mag- 
netic needle properly suspended in different situations near such a 
globe, will arrange itself in positions perfectly analogous to those 
actually assumed by the dipping needle in corresponding regions of 
the earth. 

The origin of the currents which must, upon Ampere’s theory, 
circulate in the globe from east to west, in planes parallel to the 
magnetic equator, may possibly bo found in the action of the solar 
rays on successive parts of the torrid zone, producing thermo-electric 
currents in that direction. 

§ 822. The tendency which a magnet and conducting wire 
have to place themselves at right angles to one another, follows 
from the same hypothesis, and may be ascribed to the tendency of 
the transverse currents in^the magnet itself and in the conductor 
to establish a parallelism between them (171). 


(I 7 I) Since the electrical currents in 
the magnet, n s, must move in planes perpen- 
dicular to the axis of the magnet, their mag- 
netic action is transverse to the axis, and tends 
to bring a straight conducting wire, f q, into 
the transverse position represented in the 
annexed figure. When in this relative po- 
sition, as the adjacent currents move in the 
same direction they will attract each other. 
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ROTATION OF CIRCCTLAR PLATES. 


The phenomena of revolving motions produced by the tangential 
force are also easily explained upon the same principles ; but we 
must content ourselves with this brief indication of a theory which 
has conferred immortal honour upon its inventor. 

§ 823. A continued rotation of a different kind from those 
which wo have been hitherto considering, may be produced in a 
spur-wheel, suspended perpendicularly between the two poles of a 
horse-shoe magnet, when a voltaic current is transmitted across its 
diameter by means of some mercury in a groove, into wdiich the 
wheel is made to dip to allow of freedom of motion. If a mere wire, 
conducting a current, bo suspended in the same situation, it will be 
attracted or repelled according to the direction of the current, the 
opposite poles, acting upon o])posite sides of^he wire, concurring to 
give it the same direction. In either case it will bo thrown out of 
the mercury, and the circuit being thereby broken, the effect will 
cease till the wire falls back by its own weight and restores the 
connexion. The current will then bo re-established, and the same 
.influence again exerted. If the wire terminate in a spur-wheel, 
dipping by its radii into the mercury, as one radius is thrown out of 
the mercury, another will enter it, and the wlieel will revolve with 
groat rapidity. It is not even necessary to divide the wheel into 
rays in order to produce the effect ; for a circular metallic disc will 
revolve equally well, when it is traversed by an electrical current 
passing into mercury between the poles of the magnet. 

§ 824. The voltaic current may be influenced by the earth’s 
magnetism precisely in the same way as by a permanent magnet, or 
an electro-dynamic cylinder, and wires delicately suspended have 
been made to exhibit all the phenomena of attraction, repulsion, 
direction, and rotation, by its action, although but feeble. 


Magneto-Electricity. 

§ 825. The phenomena of electro-magnetism are produced 
by electricity in motion ; accumulated electricity, when not in 
motion, exerts no magnetic effects. Dr. Faraday early felt convinced 
that “ as every electric current is accompanied by a corresponding 
intensity of magnetic action at right angles to the current, good con- 
ductors of electricity, when placed within the sphere of this action, 
should have a current induced through them, or some sensible effect 
produced, equivalent in force to such a current.’’ These considera- 
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tions, with their consequence, the hope ef obtaining electricity from 
ordinary magnetism, stimulated him to investigate the subject expe- 
rimentally, and he was rewarded by an affirmative answer to the 
question proposed. He thus became, like CErsted, the founder of 
an entirely new branch of natural philosophy. 

§ 826. If a wire connecting the two ends of a delicate gal- 
vanometer be placed parallel and close to the wire connecting the 
poles of a voltaic battery, no effect will be produced upon the 
needle, however powerful the current may be. If the points opposed 
in the two wires bo multiplied by coiling the one, as a helix, within 
the convolutions of the other coiled in the same way, both being 
covered with silk to prevent metallic contact, still no effect will be 
discernible so long as the current is uninterrupted. When, how- 
ever, the current of the battery is stopped by breaking the circuit, 
the needle is momentarily deflected, as by a wave of electricity 
passing in the same direction as that of the main current. Upon 
allowing the needle to come to a state of rest, and then renewing 
the contact, a similar impulse >iwill be given to it in the contrary 
direction. While the current continues, the needle returns to its 
state of rest, again to be deflected in the first direction by stopping 
the current. Motion may be accumulated to a considerable amount 
in the needle, by making and breaking the contacts with the battery 
in correspondence with its swing. 

§ 827. The same effects are produced when, the current being 
uninterrupted, the conducting wire is made suddenly to approach or 
recede from the wire of the galvanometer. As the wires approxi- 
mate, there will be a momentary current induced in the direction 
contrary to the inducing current; and as the wires recede, an 
induced current in the same direction as the inducing current. 

§ 828. As this volta-electric induction is obviously produced 
by the transverse action of the voltaic current, in one case by the 
mechanical motion of the wire, and m the other at the moments of 
generation and annihilation of the current, Dr. Faraday thought 
that the sudden induction and cessation of the same magnetic force 
in soft iron, either by the agency of a voltaic current or by that of a 
common magnet, ought to produce the same results. He con- 
structed a combination of helices upon a hollow cylinder of paste- 
board ; they consisted of lengths of copper wire, containing alto- 
gether 220 feet ; four of these were connected end to end, and then 
with the galvanometer ; the other intervening four were also con- 
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nected end to end, and with the voltaic battery. In this form a 
slight effect was produced upon the needle by making and breaking 
contact. But when a soft iron cylinder, seven-eighths^ of an inch 
thick and twelve inches long, was introduced into the pasteboard- 
tube, surrounded by the helices, the induced current affected the 
galvanometer powerfully. When the iron cylinder was replaced by 
an equal cylinder of copper, no effect beyond that of the helices 
alone was produced. 

§ 829. Similar effects were then produced by ordinary mag- 
nets. The hollow helix had all its elementary helices connected 
with the galvanometer, and the soft iron cylinder having been intro- 
duced into its axis, a couple of bar magnets were arranged with 
their opposite poles in contact, so as to resemble a horse-shoe 
magnet, and contact was then made between the other poles and the 
ends of the iron cylinder, by which it was converted for the time 
into a magnet; by breaking the magnetic contacts, or reversing 
them, the magnetism of the iron cylinder could be destroyed or 
reversed at pleasure. Upon making magnetic contact the needle 
was deflected ; continuing the contact, the needle became indifferent, 
and resumed its first position; on breaking contact it was again 
deflected, but in the opposite direction to the first effect, and then it 
again became indifferent. When the magnetic contacts were 
reversed, the deflections were reversed. The actual contact of the 
magnets with tho soft iron is not essential to tho success of 
these experiments, for their near approximation induces suffi- 
cient magnetism in the cylinder to generate the electric current, 
which affects the needle. The first rise of the magnetic force 
induces the electric wave in one direction ; its sudden decline in 
the opposite. 

Mechanical motion of a permanent magnetic pole in one direction 
across the coils of the helix, will pr^iduce the same effect as the 
sudden induction of the magnetism in the soft iron, and its motion 
in the opposite direction will cause a corresponding effect with its 
annihilation. When the soft iron cylinder is removed from the 
helix, and one end of a cylindrical magnet thrust into it, tho needle 
is deflected in the same way as if the magnet had been formed by 
either of the two preceding processes. Being left in, the needle 
will resume its first position, and then being withdrawn, the needle 
will be deflected in the opposite direction. 

§ 830. On substituting a small hollow helix, formed round a 
^ass tube, for the galvanometer in these experiments, and in ro- 
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ducing a steel needle, it will be converted into a magnet, provided 
care be taken not to expose it to the opposite action of the reverse 
current ; and if the continuity of the conducting wire be broken at 
the moment when the secondary electric wave is passing through it, 
a bright spark may be obtained. 

§ 831. The connexion of electro-magnetical and magneto- 
electrical phenomena may be exhibited in a very striking way, by 
employing any of the apparatus, by which the rotatory motions of a 
magnet, or conducting wire, were produced by a current of elec- 
tricity, to generate electric currents by the mechanical rotations of 
the magnet or wire. For this purpose, the galvanometer may bo 
substituted for the battery, and when the wire is made to turn round 
the pole of the magnet, or the pole of the magnet round the wire in 
one direction, the needle will be deflected to one side ; and to the 
other by the opposite rotation. Nothing can better show that 
magneto-electric is the converse of electro-magnetic action. 

By rotating the wheel, formerly described (§ 823), between the 
poles of a horse-shoe magnet, a constant current of electricity may 
be kept up in one direction, and exhibited by connecting one of the 
wires of the galvanometer with the axis, and the other with the 
reservoir of mercury, in which the circumference dips and revolves. 
By turning it in one direction, the current will pass from the axis 
to the circumference, by turning it in the other, the current will flow 
from the circumference to the axis (172). 


(172) In the annexed figure, c represents a copper disc revolving 
upon an axis by a winch, n s are the poles of a powerful magnet so 



♦90 EPFJSOTS OF TEERESTRIAL MAGNETISM. 

§ 832. The general expression of these phenomena may be 
thus stated: — Whenever a piece of metal is passed, either before 
a single pole, or between the opposite poles of a magnet, or before 
eleotro-magnetio poles, whether ferruginous or not, so as to cut 
the magnetic curves, (or lines which would be marked out by the 
spontaneous arrangement of iron-filings,) (§ 581,) electrical cur- 
rents are produced across the metal transverse to the direction of 
motion. 

§ 833. The same relation exists between the magnetism of 
the earth and metals in motion, and although the force is small, the 
induction may be rendered sensible by appropriate arrangements. 
Dr. Faraday connected the hollow helix, already described, with 
the galvanometer, by wires eight feet long, and a soft iron cylinder 
was placed in it, and fixed so as to project equally at both ends. 
The combined helix and bar were held in the magnetic direction, 
or line of dip, and were then suddenly inverted, so that the lower 
end should become the upper, but the whole still correspond to the 
magnetic direction : the needle was immediately deflected ; as it 
returned to its first position, the helix and bar were again inverted, 
and by doing this two or three times, making the inversions and 
vibrations coincide, the needle swung through an arc of 150° or 
160 ^ 

These phenomena are the consequence of the inductive mag- 
netic power of the earth, rendering the soft-iron cylinder a tem- 
]}orary magnet with its marked pole downwards : the inversion of 
position is equivalent to a change of poles, the opposite influence of 
which is made to coincide with the opposite oscillations of the 
needle. The rotation of a wheel in such a manner as to cut the 
terrestrial curves of magnetism is sufficient sensibly to deflect the 
needle ; and even the mere motion, in the same direction, of a long 
loop of copper wire connecting the t^o ends of the galvanometer, 
and passing over, will produce the same effect. Upon moving the 


placed, as to admit of the revolution of the edge of the plate between 
them, w fv' are wires, one of which is retained in perfect metallic con- 
tact with the axis, and the other with the circumference of the disc at 
the point immediately passing between the poles. These wires terminate 
in the galv^anometer, g. When the copper plate is made to revolve from 
right to left, a current of electricity is produced in the direction of the* 
aiTOws, and deflects the galvanometer. If the revolution of the plate, or 
the poles of the magnet, be reversed, the electric current will move in the 
opposite direction. 
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loop in one direction, the needle will pass to one side ; and upon 
moving it back, again, the needle will be impelled in the contrary 
direction: upon repeating these motions in accordance with the 
vibrations of the needle, it may be made to swing through 90°, 
or more. 

§ 834. After Dr. Faraday’s discovery of mltOrelectriG and 
magneto-electric induction, many ingenious contrivances were made 
for exalting the effects and facilitating experiments. The most 
complete arrangement now in use was the original combination of 
Mr. Saxton. 

A very powerful horse-shoe magnet, formed of numerous steel 
plates closely applied together, or an electro-magnet of soft iron of 
the same form, is placed in a horizontal position. An armature 
of the purest soft iron has each of its ends bent at a right angle, 
and -is mounted in such a way that the surfaces of those ends 
are directly opposed, and close to the poles of the magnet ; in this 
position it may be made to rotate rapidly in a vertical direction, by 
means of multiplying wheels and an endless band. Two series of 
copper wires, covered with silk, are wound round either end of 
this bar, as compound helices. The extremities of these wires 
having the same direction, are connected together, and with a cir- 
cular disc rotating with the armature in a cup of mercury, with 
which it is therefore in metallic communication in every position of 
the disc. The other extremities of the wires are united together, 
and passing without metallic contact through the sj^indle upon which 
the apparatus turns, terminate in a slip of copper with two opposite 
points placed at right angles to the axis. These, in the act of 
rotation, alternately dip into, and rise above, the mercury in another 
cup, which may bo connected with the first at pleasure by means 
of a copper wire. By the laws of magnetic induction, the arma- 
ture becorifts a temporary jmagnet whenever its bent ends are 
opposite the poles of the magnet, and ceases to be magnetic when 
they are at right angles to them. The momentary generation 
and destruction of the magnetic force, which will be oppositely 
directed in the bar as its opposite ends become opposed to the same 
poles in the act of rotation, must, by the laws of magneto-electric 
induction, induce corresponding opposite electric currents in the 
copper wire if the circuit be complete, by the immersjpn of the 
^ points at the moment of their passage. The points are so arranged, 
that, standing nearly at right angles to the revolving bar, they just 
rise from the mercury as its ends become opposed to the poles of the 
magnet, and the circuit being thus suddenly broken at the moment 
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of the electric wave, the current passes in the form of a brilliant 
spark (173). 

§ 835. By means of this magneto-electrical machine, all the 
well-known effects of voltaic currents may be very commodiously 
produced. When the communication is made between the spindle 
and the revolving disc by means of a fine platinum wire instead of 
the dipping points, the wire may be maintained at a red heat; 
although the effect being produced by alternating currents in oppo- 
site directions, a kind of pulsation, or intermission of the light, may 
be discerned. Upon making the communication between the two 
mercury cups by means of copper cylinders grasped in the hands, a 
continued painful contraction of the muscles of the arms takes place, 
which destroys voluntary motion, and, under certain circumstances, 
is perfectly intolerable. If the currents be transmitted into liquid 
electrolytes by means of platinum electrodes, they are readily 
decomposed ; but in consequence of the alternate reversal of their 


(173) This figure represents a section of Mr. Saxtons magneto- 
electrical machine, a n is the horse-shoe magnet, c n the armature of 
soft iron, standing in a transverse direction to the poles of the magnet. 
B p is the spindle upon which it revolves by means of the multiplying 
wheels, .e g. h and i arc the metallic wheel and points by which con- 
nexion is made and broken between the mercury oup, k, and the ends of 
the coils of wire round the armature, c n. 
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direction, the aniom and cations are mixed together. This, how- 
ever, may be avoided, by turning up one of the points of the axis 
when one of the currents will be cut ofl^ and half the power 
destroyed, but the usual results of polar decomposition will be 
obtained. The amount of decomposition in this, as in all other 
cases, is in proportion to the quantity of electricity which circulates. 
By means of an electro-magnet and a constant battery, which was 
capable of decomposing water by the primary current at the rate of 
eleven cubic inches of the mixed gases per minute, four cubic inches 
have been obtained in the same time by this secondary force. 

§ 836. The mechanism of electrical induction has been 
clearly disclosed by Dr. Faraday, and traced, as we have shown 
(§ 314), to the action of particles of matter intervening between the 
inducteous and inductric bodies : he has not been so successful in 
his endeavours to develop the mode of magnetic and electro-magnetic 
induction. All the phenomena dependent upon these actions take 
place indifferently through all kinds of matter; and bodies con- 
trasted by the extremes of conducting and insulating power, and 
opposed to each other as strongly as metals, air, and sulphur, show 
no difference with respect to magnetic forces when placed in their 
lines of action. As far as experiment has yet gone, the results lead 
to the conclusion that, notwithstanding the strong analogy which 
the two series of phenomena present, the transverse inductive force 
of currents is not transmitted by the intermediate particles in a 
similar way to static electricity, although both can act at a distance. 
Dr. Faraday, however, is very far from thinking the question 
settled ; and he is of opinion that “ it is fully within the reach of 
experiment, and offers a high reward to him who will attempt its 
settlement.'” 

But whatever be the mode in which this electrical condition is 
induced in a good conductor, there can be no doubt that its particles 
are thereby thrown into the same state as when conducting a charge 
from any other source ; and this we have already determined (§ 336,) 
to be a state of electrical polarity, in which the associated forces are 
freely communicated from one particle to another. There is yet 
another series of phenomena connected with this state, to which we 
must refer before we quit this branch of our subject. 

# 

§ 837. However large the quantity of electricity may be 
which is thrown into circulation by a single voltaic " circuit, its 
intensity, as we have seen, must be very low, and it is wholly inca- 
pable of effecting its passage by disruptive discharge. In conse- 
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quenoe of this, when the conducting wire is very short, no spark is 
visible upon making or breaking contact between the generating 
and conducting surfaces ; or, at most, a very minute one upon the 
latter occasion. Nevertheless, when the wire is long, a very bright 
spark is produced upon breaking contact. This spark is greatly 
increased when the same long wire is coiled up into a helix ; and 
still more when it is wound round an iron-core, so as to constitute 
an electro-magnet. Under these last circumstances, if the ends of 
the wire near the battery be grasped by a person with moistened 
hands, he will experience a considerable shock at the moment of 
breaking the contact at a point between the place at which it is 
held and the battery, and the spark will be diminished. If a 
decomposing apparatus bo interposed between the same extremities 
of the wire, the direct current will pass through the latter so 
long as the contact with the battery plates is maintained; but 
upon breaking contact, iodide of potassium will be decomposed in 
the former, and the situation of the evolved iodine will prove that 
the decomposition has been effected by a current in an opposite 
direction to that of the battery current. In this last experiment, 
a bright spark occurs at the place of disjunction, indicating that 
only a small part of the extra current passes the decomposing appa- 
ratus because of its small conducting power. The most instructive 
set of results are, however, obtained when a galvanometer is intro- 
duced between the extremities of the conducting wire. When con- 
tact is then made, a portion of the primary current which passes 
through the principal wire is diverted through the galvanometric 
wire, and the needle is deflected. If, while in this stiuation, it be 
forced back by pins, applied upon opposite sides of its two extre- 
mities, to its natural position when uninfluenced by a current, and 
the battery contact be then broken, it will be strongly deflected in 
the opposite direction ; thus showing, in accordance with the che- 
mical effects, that the extra current followed a course in the cross 
wires contrary to the one produced by the direct action of the 
electromotor. 

§ 838. It is clear, then, that at the moment of its return to 
its natural state, a reflex wave of electricity is generated in the con- 
ducting wire, which is analogous to that which it is capable of 
inducing tit the same moment in a parallel independent wire. It is 
generated, also, by the same lateral or magnetic force, and it is 
increased, like the latter, by the reaction of the temporary mag- 
netism of soft iron in the moment of its cessation, and by the juxta- 
position of the coils of a helix. 
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In fact, if a second and independent wire be placed by the side 
of the primary conducting wire, as by coiling the two together in 
one helix, taking care that they may be well insulated, so long as 
the circuit of the second wire is not complete, the primary wire will 
give a good spark ; but upon completing the secondary circuit, by 
bringing its ends into metallic contact, the whole of the lateral force 
will be expended upon it, and little or no spark will appear when 
the primary circuit is broken. Then, again, if the ends of the 
second wire should happen to be disconnected at the moment when 
the battery contact is broken, a spark will there appear instead of 
occurring at the disjoined extremity of the principal wire. Even 
the weak current of the thermo-electric circuit (§ 795,) may be 
made to yield a spark from this secondary action by the assistance 
of a helix. 

§ 839. In the wire of the helix of the magneto- electric 
machine, these principles of action have an important influence. 
From the construction of the apparatus, the current is permitted to 
move in a complete metallic circuit of great length during the first 
instance of its formation : it gradually rises in strength, and is then 
suddenly stopped by the breaking of the metallic circuit ; and thus 
great intensity is given by induction to the reverse current which at 
that moment passes. Different effects are produced by varying the 
length and diameter of the wire upon the armature. A great 
length (1500 yards) of fine insulated copper wire will decompose 
water with the greatest advantage, and give the severest shocks ; 
but a less length (40 yards) of thicker wire will give the largest 
sparks, and ignite the largest quantity of platinum wire. 

§ 840. By a primary coil of thick wire of 120 feet in length, 
the connexion of which with a voltaic circuit may be rapidly made 
and broken by a spring pressing upon a toothed wheel and an indue- 
teous coil of finer wire 120 yards* long, the ends of which may be 
grasped by the hands, an electro-dynamic machine may be con- 
structed, the effects of which are utterly intolerable. The con- 
tinuous shock of this instrument is sufficient to destroy life in a 
oat, or other animal of the same size, if directed through the head. 

§ 841. In the voltaic circuit, the self-induction of the con- 
ducting wire generates a current which pervades the cells of the 
battery itself, as well as its own substance : for if a long wire or 
coil be connected with a series of cells, not only will the large spark 
be formed when the circuit is broken at the extremity of that wirOi 
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but at any of the abort wires of the other cells. The effect upon 
the electrolyte, from this reaction, has not yet been examined. 

§ 84j 2. If we now cast a retrospective glance upon the col- 
lective phenomena which have come before us, how wonderful appears 
the nature of that mysterious force which we can at pleasure call into 
action by the mutual influence of masses of metal upon each other 
exerted at a distance, and without diminution of substance or power ; 
or from the union of a few grains of zinc and oxygen, accompanied by 
the simultaneous disunion of equivalent proportions of oxygen and 
hydrogen ! A force which at the same moment, and in one circuit, 
will radiate the only light which is capable of rivalling the intensity 
of the solar beam, — disengage a heat which will fuse the most 
refractory metal, — control and paralyze the muscular energies of the 
most powerful animals, — suspend the force of gravity, and give 
mechanical motion to masses of matter, — and acting upon the ulti- 
mate molecules of matter, will decompose the most intimate com- 
binations of affinity at one point, and recompose them at another ! I 
Mere differences of temperature in some substances, and the 
mutual friction of others, will also call this marvellous agent forth ; 
and, to complete our admiration, we have now to contemplate it as 
the product of animal life, and placed as an offensive weapon under 
the control of animal will. 


Animal Electricity. 

§ 843. There is a flat fish, a species of ray, which frequents 
the shores of the Mediterranean, the Atlantic coast of France, and 
is sometimes taken on the south-west coast of England, which was 
known to the ancients as capable of communicating a benumbing 
sensation to those who handled it, and to which they therefore gave 
the name of torpedo. Several of the early physicians, both Roman 
and Arabian, ascribed to it an influence in subduing obstinate 
headachs, and the gout itself. 

§ 844. The. vague notions which were entertained of the 
nature of this animal force, even in later times, cannot be better 
exemplified than by an extract from a paper on the subject, pub- 
lished in the Philosophical Transactions for 1678, by Stephano 
Lorenzini. He observes : — The chief wonder of this animal, and 
that which gives it its name, is the benumbing faculty which is 
seated in the two semicircular, or falcated, muscles on each side of 
the thoi*ax, which consists of fibres, irregular, but as large as a goose- 



TOBPBDO. 


497 


quill, and inode up of bladders filled witk a kind of '\grater ; one end 
of these fibres being fixed to the skin of the belly, and the other to 
that of the back, on which may be plainly seen the vestigea of the 
fibres’ ends. Now, when the fish contracts those fibres, there issue 
out corpusciiles fitted to the pores of a man’s skin, iso as to enter 
upon immediate contact, but not otherwise, and disturb the posture 
of the parts, and to cause pain, as when one’s elbow is hit or 
knocked ; and this comes most by the fingers’ ends, because these 
are ends of tendons. And this pain is more or less as the contrac- 
tion of the fibres have immitted more or less.” 

§ 845. Asa contrast to these untenable, hypothetical, assump- 
tions, we may refer to a paper on the same property of the torpedo, 
by Mr. Walsh, in the Philosophical Transactions of the year 1773. 
He set out, also, with an hypothesis, which at the time was suffici- 
ently bold, that the effect was electrical; but in the true spirit of 
the inductive philosophy, he immediately proceeded to test the 
sufficiency of the supposition by well-devised experiments. He 
found that the shock of the torpedo could be transmitted through 
conductors of electricity, as metals and water; and that it was inter- 
rupted by non-conductors, as glass and sealing-wax. He discovered 
that the back and breast of the animal were in different states of 
electricity; and that to receive the shock, it was necessary that there 
should bo a conducting communication between the upper and lower 
surfaces. The shock, when in air, appeared to be about four times 
as strong as when in water. His results have been confirmed and 
extended by recent experimenters, and particularly by Dr. Davy, who 
succeeded in effecting chemical decomposition, the* magnetization of 
steel, and the deviation of the magnetic needle, by the electrical 
current of the torpedo. He also ascertained that the electrical 
organ upon the under surface of the animal corresponded to the zinc 
extremity of the voltaic circuit, and its upper surface to the copper 
extremity (174). 


(174) The figure in the next page presents a view of the under 
surface of the torpedo, a is the right electric organ, exposed by dis- 
secting off the skin, which consists of white pliant columns in a close, 
and for the most part hexagonal, arrangement, giving a general appear- 
ance of a honey-comb in miniature. These columns have been some- 
times denominated cylinders ; but, having no interstices, they are all 
angular, and chiefly six- cornered, h the skin which covered the organ, 
showing on its inner side a hexagonal net-work, c the nostrils in the form 
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§ 846. This power of generating and directing an electrical 
current at pleasure is also possessed by a fresh-water fish, gymnotus 
dectriciu^ which at first view appears very much to resemble an eel, 
and which consequently has been named the electrical eel ; a fine 
specimen of which, forty inches in length, is now being exhibited in 
the Adelaide Gallery. It is common in all the small rivers which 
flow into the Orinoco in Guiana, and also in Surinam. 

§ 847. Dr. Faraday has lately experimented with this 
animal, and communicated the results to the Royal Society. He 
employed two collectors formed of copper-plate bent into a saddle 
shape, which passed over the fish and enclosed a certain extent of 
the sides and back, and thick copper wires were brazed to them to 
convey the electric force to the experimental apparatus. They were 
covered with sheet caoutchouc, the edges of which projected at the 
bottom and ends, and the parts of the wires liable to be in the 
water were also covered with the same substance. By these means, 
the part of the animal within the caoutchouc was insulated from the 
surrounding water. The greatest effects were produced when 
the collectors were applied to the anterior and posterior parts of the 
gymnotus. 

Dr. Faraday concludes, that a single medium discharge of the 
fish is at least equal to the electricity of a Leyden battery, contain- 
ing 3500 square inches of glass coated on both sides, charged to its 


of a crescent, d the mouth in a crescent contrary to that of the nostrils, 
furnished with se^feral rows of very small teeth, e the branchial aper- 
tures, five on each side, ff the outward margin of the greater lateral 
fin. g g the two smaller lateral fins, h the fin of the tail. 
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highest degree ; and notwithstanding the greatness of this force, the 
animal can give a double and triple shock with scarcely a sensible 
interval of time. 

Using the saddle collectors, 4;he needle of a galvanometer, not 
particularly delicate, was affected to the amount of 40®, and the 
current was always found to be from the anterior parts of the animal 
through the galvanometer wire to the posterior parts. An annealed 
steel needle, placed in a little helix, was rendered magnetic, and 
polar decomposition of a solution of iodide of potassium was easily 
obtained. A secondary spark was obtained by means of a good 
magneto-electric coil, and afterwards a direct spark between the 
surfaces of two gold leaves (175). 

§ 848. It was evident from the experiments, that all the 
water and all the conducting matter around the fish, through which 
a discharge circuit can in any way be completed, is filled at the 
moment with circulating electric power ; and a number of persons 
all dipping their hands at the same time into the tub, the diameter 
of which w^as 46 inches, received a shock of greater or less intensity 
accordingly as they were more or less favourably situated with 
regard to the direction of the current. 


(175) This figure exhibits the whole of the two electrical organs 
on each side of the gymnotus, the skin being removed as far as these 
organs extend. They consist of two parts ; viz., flat partitions or septa, 
and cross divisions between them. The outer edge of these septa appear 
externally in parallel lines, nearly in the direction of the longitudinal 
axis of the body. These septa are thin membranes, placed ffearly parallel 
to one another. Their breadth is nearly the semi-diameter of the body 
of the animal. They are of different lengths, some being as long as the 
whole organ, a the lower surface of the head of the animal: B the 
cavity of the belly : c the back of the fish where the skin has not been 



removed : d d the fin which runs along the lower edge of the fish ; e e 
the skin turned back : P p the lateral muscles of the above fin removed, 
and carried back with the skin, to expose the small electrical organ: 
G G a the large electrical organ : n h the small organ. 
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§ 849. The gymnotus can stun and kill fish which are in 
various positions with respect to its own body. On one day, when 
Dr. Faraday particularly observed it, a live fish was dropped into the 
tub, and the gymnotus instantly turned round in such a manner as 
to form a coil enclosing the fish, the latter representing a diameter 
across it. A shock passed, and, in an instant, the fish was struck 
motionless, as if by lightning, in the midst of the waters, its side 
floating to the light. The gymnotus made a turn or two to look for 
its prey, which, having found, he swallowed, and then went searching 
about for more. 

§ 850. To obtain an adequate idea of the power with which 
this extraordinary fish is armed, we must have recourse to the 
accounts of its action in its native streams; and the Baron De 
Humboldt has furnished us with the following graphic description 
of the Indian mode of fishing for gymnoti, by means of horses : — 

“ The exraordinary noise caused by the horses'* hoofs, makes the 
fish issue from the mud, and excites them to combat. These yel- 
lowish and livid eels, resembling large aquatic serpents, swim on 
the surface of the water, and crowd under the bellies of the horses 
and mules. A contest between animals of so different an organi- 
zation furnishes a very striking spectacle. The Indians, provided 
with harpoons and long slender reeds, surround the pool closely ; 
and some climb upon the trees, the branches of which extend liori- 
zontally over the surface of the water. By their wild cries, and the 
length of their reeds, they prevent the horses from running away, 
and reaching the bank of the pool. The eels, stunned by the noise, 
defend themselves by the repeated discharge of their electric bat- 
teries. During a long time they seem to prove victorious. Several 
horses sink beneath the violence of the invisible strokes, which they 
receive from all sides in organs the most essential to life; and 
stunned by the force and frequency of the shocks, disappear under 
the water. Others, panting, with mane erect, and haggard eyes, 
expressing anguish, raise themselves, and endeavour to flee from the 
storm by which they are overtaken. They are driven back by the 
Indians into the middle of the water ; but a small number succeed 
in eluding the active vigilance of the fishermen. These regain the 
shore, stumbling at every step, and stretch themselves on the sand, 
exhausted with fatigue, and their limbs benumbed by the electric 
jdiocks of the gymnoti. By degrees the impetuosity of this unequal 
combat diminished, and the wearied gymnoti dispersed. They 
require a long rest, and abundant nourishment, to repair what they 
have lost of galvanic force. The mules and horses appear less 
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frightened; their manes are no longer bristled, and their eyes 
express less dread. The gymnoti approach timidly the edge of the 
marsh, where they are taken by means of small harpoons fastened to 
long cords. When the cords are very dry, the Indians feel no 
shock in raising the fish into the air*.’’ 

§ 851. In the anatomical construction of these animals, as 
displayed in the dissections of Mr. John Hunter, the most striking 
thing is the large proportion which the electrical organs bear to the 
rest of the bodies of the animals. In both species we recognise a 
structure which is contrived for large extension of surface in a small 
space, which reminds us of the similar construction of our voltaic 
arrangements. These are so abundantly supplied with nerves, as 
to have lead Mr. Hunter to remark with regard to torpedos, that 
“the magnitude and the number of the nerves bestowed on their 
organs, in proportion to their size, must, on refiexion, appear as 
extraordinary as the phenomena which they afford,” and in speaking 
of the gymnotus, he says, “ in this fish, as well as in the torpedo, 
the nerves which supply the organ are much larger than those which 
are bestowed on any other part for the purposes of sensation and 
action.” 

The electric organs of the torpedo and gymnotus cannot be 
considered as connected with those which are of direct importance 
to the life of the animal, but to belong rather to the common tegu- 
ments; and it has been found that such torpedos as have been 
deprived of the use of their peculiar organs, have continued the 
functions of life quite as well as those in which they were allowed 
to remain. 

The nervous energy of tBe animals evidently becomes exhausted 
during the production of electricity, and there is an apparent pro- 
duction of electricity, equivalent to the quantity of nervous force 
consumed, 

§ 852. Living as these animals do in the midst of so good a 
conductor as water, our first thoughts are thoughts of surprise, that 
they can sensibly electrify anything, but a little consideration makes 
the perfect design of the whole arrangement obvious. It is by the 
conducting power of the water alone that the force can be commu- 
nicated to the animal to be struck, and we may contrast this state 
of things with what would result, if the body of the fish or its 
victim were surrounded with air. 


• Personal Narrative* Cliap. xvii. 
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The fate of a gympotus which had been caught and confined for 
the purpose of transmission to this country will illustrate the point. 
This animal, notwithstanding its wonderful powers, was doomed to 
perish ignobly under the attacks of a water-rat. Much surprise was 
excited by this catastrophe; but all wonder ceases when we consider 
the perfect manner in which the body of the rat is insulated. 
When he dives beneath the water, not a particle of the liquid 
adheres to him, and his non-conducting fur, and the air which it 
contains, clothes him with armour which is perfectly proof against 
the bolts of his formidable antagonist. 

§ 853. Never was there a more tempting field of research, or 
a higher reward offered for its successful cultivation, than that which 
is presented by animal electricity. In these electric fish we behold 
nervous power converted into electric force ; it cannot be doubted 
that the converse of this is possible. Wc are, however, only upon 
the threshhold of this inquiry of surpassing interest. It belongs, 
indeed, exclusively to the physiologist to connect these two branches 
of physical philosophy; but he who would take up the investigation 
with any hopes of success, must not only be well skilled in compa- 
rative anatomy and dissections, and conversant with the vital 
. functions of animals, but must be master of all that is known of that 
extraordinary agent, the laws of which we have boon endeavouring 
to expound under the names of current affinity and electricity^ ajiid 
must follow with zeal and industry, the rapid progress which science 
is daily making in their-development. 

§ 854. The phenomena of the electric fish have lost none of 
their interest since the days when Mrf Walsh first communicated 
his experiments upon the torpedo to Dr. Franklin, and we cannot 
better take leave of the subject, at present, than by recalling the 
words with which ho closed his letter upon the subject to that 
eminent philosopher. 

“ I rejoice in addressing these communications to you. He, who 
predicted and showed that electricity wings the formidable bolt of 
th^ atmosphere, will hear with attention, that in the deep it speeds 
a humbler bolt, silent, and invisible. He, who analyzed the electri- 
fied phial, will hear with pleasure that its laws prevail in animate 
phials. He, who by reason became an electrician, will hear with 
reverence of an instinctive electrician, gifted in his birth with a 
wonderful apparatus, and with skill to use it*,” 
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Atomic Theory, 

§ 855. In the preparatory view of the forces with which 
matter has been endowed, which we have been presenting to the 
student of natural science, wo set before him, in the first place, the 
conception which the mind of Newton had formed of the atomic 
constitution of matter (§7). The same hypothesis may be traced 
back to the writings of Epicurus and his followers, and even to 
earlier times; and in this, as well as many other instances, we 
cannot but admire the acuteness of intellect which at so early a 
period of philosophy, propounded speculations upon the constitution 
of the universe, which have stood their ground till the present 
advanced state of science. The intellectual vigour of the philoso- 
phers of antiquity, indeed, was capable of the grandest and most 
comprehensive views of nature, and often conducted them to the 
most sublime truths, but in attempting perpetually to soar above 
the vulgar paths of observation and experience, they speedily 
became confounded in the mists of error and conceit. 

The atomic doctrine, although at first sight it might appear to 
belong exclusively to metaphysical science^ has received its greatest 
support from the progress of chemistry in modern times, and Dr. 
Dalton, the great discoverer of the theory of multiple and equi- 
valent proportions, clothed his views from the first in the language 
of this speculation: and, hence, the term atom is now often used by 
writers and lecturers as synonymous with equivalent. 

The law of multiple proportions is, in fact, a necessary conse- 
quence of the atomic hypotnesis ; for if bodies combine only atom 
with atom, or one atom with two, &c. — the weight of such atoms 
having a fixed relation of weight to one another — it is clear that 
whatever may be the aggregate number of jiarticles so combining 
the total weight of one sort, must be in the same proportion to the 
total weight of the other sort. 

All the phenomena are, in fact, irreconcilable with ‘the rival 
hypothesis of the infinite divisibility of matter, 

§ 856. With regard to the absolute weights, sizes, and num- 
bers of the ultimate particles of matter, nothing of course can be 
determined ; nothing, moreover, with regard to the absolute quan- 
tities of heat, electricity or attraction with which they may be 
associated or endued ; but speculations upon the relative proportions 
which the atoms of different species of matter bear to one another, 
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in these respects, have beeir supported by experimental evidence and 
inductive reasoning of the most ingenious description. These, per- 
haps, are best kept out of sight in the first steps of physical investi- 
gations^ as likely to turn the mind from that rigid method of 
induction from facts, by which alone the student can be safely 
guided ; but in a more advanced stage they have their use in 
expanding the mind, and in imparting a lively interest to the subject. 
We shall, therefore, conclude this view by illustrating the mode of 
reasoning, by which, on one hand, the atomic theory has been sup- 
ported by experiment, and by which, on the other, it has been made 
the means of suggesting experimental inquiry. 

§ 857. Dr. Dalton announced the important, but simple 
generalization at which he had arrived in the following terms*: — 

“ In all chemical investigations, it has justly been considered an 
important object to ascertain the relative weights of the simples 
which constitute a compound. But, unfortunately, the inquiry has 
terminated here ; whereas, from the relative weights in the mass, 
the relative weights of the ultimate particles or atoms of the bodies 
might have been inferred, from which their number and weight in 
various other compounds would ajipear, in order to assist and to 
guide future investigations, and to correct their results. Now, it is 
one great object of this work to show the importance and advantage 
of ascertaining, the relathe tceights of the ultimate particles^ both of 
simple and compound bodies^ the number of simple elementary particles 
which constitute one compound particle^ and the number of less com- 
pound particles ichich enter into the formation of one more compound 
particle, 

‘‘ If there are two bodies, a and b, which are disposed to com- 
bine, the following is the order in which the combination may take 
place, beginning with the most simple : namely, — 

1 atom of A + 1 atom of B = 1 atom of C binary. 

1 atom of A + 2 atoms of B = ] atom of D ternary. 

2 atoms of A -f 1 atom of B = 1 atom of E ternary. 

1 atom of A -h 3 atoms of B = 1 atom of F quaternary. 

3 atoms of A + 1 atom of B = 1 atom of G quaternary.” 

&c., &c. 

He proceeds to lay down the following general, but arbitrary, 
rule, as a guide to all our investigations respecting this species of 
hypothetical synthesis : and this rule, in fact, constitutes the fixed 


New System of Chemical Philosophy^ vol. i. p, 212. 
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point from which calculation must set out; the fulcrum from which 
the hypothesis must be applied:-^ 

“Jst. When only one combination of two bodies can be ob- 
tained, it must be presumed to be a binary one, unless some cause 
appear to the contrary. 

“2nd. When two combinations are obsetved, theylmust be 
presumed to be a binary and a ternary,” &c. 

§ 868, In this statement, it will be perceived, that Dr. 
Dalton* has associated the fact, that the proportion in which bodies 
combine follows the numerical laws upon which we have already 
laid so much stress, with the hypothesis, that the union in all cases 
takes place between the atoms which constitute the substance in 
question ; and that, in each substance, the atoms arc themselves 
characterized by a proportionate difference in point of weight (176). 

§ 859. With regard to the shape of the atomic particles, we 
have already given the rival hypotheses of polyhedral and spheroidal 
forms in discussing the subject of crystallization, and stated the rea- 
sons for concluding that the latter is the more probable of the two. 

The spheroidal hypothesis has received a further extension by 
supposing that the structure of bodies is not simply due to their 
mutual powers of attraction, but to a balance between the ^attractive 
force of the atoms and the repulsive power of an elastic atmosphere, 


(176) These are some of the arbitrary marks, or signs, chosen by 
Dr. Dalton, to represent the several chemical elements and their com- 
pounds. The relative weights of the atoms are placed under them ; — 
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I represents the atom of hydrogen ; 2 nitrogen ; 3 carbon ; 4 oxygen ; 
5 phosphorus ; 6 sulphur ; 7 represents the compound atofh of water ; 
8 protoxide of nitrogen ; 9 carburetted hydrogen ; 10 oxide of carbon ; 

II sulphuric acid. 
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with which we may conceive each to be surrounded, and which is 
sometimes assumed to be the matter of heat. The atoms are ima- 
gined to be attractive of each other and of the particles of the hypo- 
thetical atmosphere, but the latter highly repulsive of eacli other. 

§ 860. Upon these postulates each spherical atom would be 
surrounded by a stratum of equal depth in all its parts, uniformly 
distributed over its surface, which, preventing the actual contact of 
the particles, would nevertheless allow them to arrange themselves 
according to the laws of the predominant attraction. 

Any addition or diminution of the repulsive aura would cause 
the atoms to recede from or approach towards each other equally ; 
and if we were to heat a solid so constructed it would expand equally 
in all directions. 

But this would not be the case with oblate spheroids instead of 
spheres. For, in the first place, as the force of their attraction upon 
the particles of the aura^ must, from the nature of their form, bo 
exerted with greater force in the direction of their shorter axes than 
in that of their longer, the centre of the spheroid being nearer to them 
in this direction; — taking for granted two fundamental laws of 
attraction, first, that all the particles of matter attract one another 
directly as tlieir masses, and inversely as the squares of their distances ; 
secondly, that a body of any shape will attract a particle of matter 
anywhere, with the same force and in the same direction, as if all 
the matter of that body were collected in.its centre of attraction, — 
it is clear that their repulsive atmospheres would not be distributed 
in equal layers over their surfaces, but would bo collected in greater 
depth above the shorter axes than the longer ; and the atoms, with 
tlieir atmospheres, would assume more of the spherical form than 
belongs to the atom alone (177). 

(177) We may suppose Fig. 1 to represent a section of the tetra- 
hedral arrangement of spheres in simple contact ; and Fig. 2 of the same 
spheres, with their atmospheres : an arrangement essentially tlie same 


Fig. 1. Fig. 2, Fig. 3. Fig. 4. Fig. 5. 



with regard*to structure and external figure. Any addition or. diminu- 
tion of the repulsive aura would cause the atoms to approach towards 
and recede from each other equally. 
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§ 861. A solid crystal, therefore, thus constructed, must 
change the measure of its angles with every change of temperature. 
As we have already seen (§ 122), this is precisely what Professor 
Mitschorlicli has ascertained to happen with crystals of carbonate 
of lime and other substances not crystallizing in the regular octoho- 
dral series. In substances crystallizing in this series he also ascer- 
tained that the expansion was equal in all directions. 

These consequences might have been anticipated from the 
hypothesis, and the observation of the actual phenomena tends pow- 
erfully to its support. 

§ 862. Passing from the consideration of the weights and 
forms of the atoms of different kinds of matter to their relative ^ 
distances, it has been argued that the particles of all elastic fluids are 
placed at equal distances from each other, and that equal measures 
of such fluids contain an equal number of particles. This opinion 
is founded upon their equal dilatation and contraction by equal 
changes both of pressure and temperature. The fact of the same 
force, applied to different gases, attracting or repelling their atoms 
to the same amount leads to the conclusion that under similar cir- 
cumstances their distances must be the same. 

It follows also from this assumption that the atomic weights of 
simple gases must bo proportionate to their densities, and that these 
may be determined by experiment, not only with bodies which are 
naturally in a gaseous state, but with such bodies as are volatile 
below the fusing point of glass, by which our experiments are 
limited. 

§ 863. The following table exhibits the specific gravities of 
the several gases and vapours named in the first column, the atomic 
weights derived from this calculation, and the equivalent proportions 
in which they combine, or what we must now regard as the atomic 
weights derived from their affinities : — 


Fig. 3 represents a section of the tetrahedral arrangement of ohlate 
spheroids in simple contact ; and Fig. 4 an oblate spheroid with its 
atmosphere, which is collected, according to the laws of attraction, in a 
layer of greater deptli above the shorter axis than above the longer. In 
Fig. 5 we are presented with the tetrahedral arrangement of Similar 
spheroids ; from which it is clear that any addition to their atmosplieres, 
according to the same laws, will cause a greater expansion in the direc- 
tion of the shorter axis than in that of the longer. 
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Table XXXVIL Atomio and Equivalent Weights. 



Specific gra- 
vity from 
Experiment' 


Hydrogen . . . 

0.0688 

1.0 = 1.0 

Oxygen .... 

1.1026 

16.0 = 8.0 X 2 

Nitrogen .... 

0.9760 

14.1 = 14.0 

Chlorine .... 

2.4700 

35.9 = 36.0 

Bromine .... 

5..'i400 

80.5 = 78.0 

Iodine 

8.7160 

126.6 i= 125.0 

Pliosphorus . . . 

4.4200 

64.2 = 16.0 X 4 

Arsenic .... 

10.6000 

154.0 = 38.0 X 4 

Sulphur .... 

6.6170 

96.1 = 16.0 X 6 

Mercury .... 

6.9760 

101.3 = 200.0 i 


Here we at once sec that the atomic weights thus derived from 
specific gravity, allowing for very minute errors of experiment, are 
either identical with, or simple multiples and sub-multiples of, the 
equivalents derived from chemical combination. That they are not in 
every case identical requires a modification of the hypothesis, and to 
reconcile the two, wc must admit that the number of atoms in the 
same volume of the different gases is not equal, but that they bear 
some simple proportion to one another, as 1 : 1, or 1 : 2, or 1 : 3, &c., 
or that the compounds which were supposed to be binary, or atom 
with atom, arc in some cases binary, quaternary, &c. 

§ 864. With regard to liquids in general, the inequality of 
their expansion by heat would seem to lead to a directly opposite 
conclusion to that which we have arrived at with regard to aeriform 
bodies ; nevertheless their particles may offer simple points of 
relation to each other, if the comparison be made under exactly 
similar circumstances. M. Gay Lussac has proved this by show- 
ing that equal volumes of alcohol and sulphuret of carbon, mea- 
sured at equal distances from their respective boiling-points, and 
allowed to cool an equal number of degrees, will always remain 
equal. 

This result is exhibited in the following Table, in which will be 
found the contractions which 1000 parts of these two liquids undergo 
for every 9° of Fahrenheit, setting out from the boiling-point of 
each : — 
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Table XXXVIII, Th6 ContTactiotis of Alcohol and Sulphuvct 

of Carbon, 


Number of De- 
grees by j^hich 
the Temperature 
was lowered. 

Contraction of 
1000 parts of Al- 
cohol, from the 
Temperature 
173.6^ 

Contraction of 
1000 parts of Sul- 
phuret of Carbon 
from 113°. 

9 

5.55 

6.14 

18 

11.43 

12.01 

27 

17.51 

17.98 

36* 

24.34 

23.80 

45 

29.15 

29.65 

54 

34.74 

35.06 

63 

40.28 

40.48 

72 

46.68 

45.88 

SI 

50.85 

^ 51.08 

90 

56.02 

56.28 

99 

61.01 

61.14 

108 

65.96 

66.21 


m 

As these contractions are sensibly equal, it is clear that the 
volumes of the two liquids must be equal at the temperatures 
denoted : and to compare them under equal circumstances, it is 
necessary to maintain between them the tliermometric interval 
which separates their points of ebullition. 

]5qual volumes of alcohol and sulphuret of carbon measured 
with this precaution would give equal volumes of vapour measured 
at the same temperature and pressure ; and this theoretical conclu- 
sion has been confirmed by experiment. 


§ 865. Hence we might conclude that if equal volumes of 
the two vapours contain an equal number of atoms, e([ual volumes of 
the liquids, measured under the conditions which wo have just 
pointed out, must do the same. 

This is, however, by no means a general law ; but still there is 
reason to suppose that an intimate relation w'ould be found between 
liquids and their vapours, provided a comparison were instituted 
either at their boiling points, or at their points of greatest viscosity. 

§ 866. The atomic weights of bodies are not only thus 
dependent upon their specific gravities, but are intimately connected 
with their specific heats. We have seen that when we compare 
the same weight of two substances together, their capacities for heat 
are very unequal (Table XIII.) ; but if we make the same comparison 
between quantities proportional to their equivalent numbers, we shall 
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find their capacities almost always equal. This remarkable law 
was discovered by MM. Du Long and Petit. It may otherwise be 
expressed thus : — The specific caloric of simple bodies is inversely 
as their atomic weights ; and a given quantity of heat will elevate 
the same number of degrees a portion of every simple substance 
represented by its atomic weight. Thus, it requires twice as much 
heat to elevate the temperature of a pound of sulphur, whose equi- 
valent number is 16, 10°, as it does to raise that of a pound of 
zinc, whose equivalent is 32, to the same extent ; and a pound of 
heated sulphur will warm twice as much water, or any third sub- 
stance, as a pound of equally hot zinc. 

Now as, according to our hypothesis, the number of particles 
which equal weights of any two substances comprise, is in inverse 
proportion to the weiglrts qf these particles, the law in question may 
bo verified by multiplying the capacities, determined by experiment, 
by the weights of the corresponding atoms. If the law be true, the 
products of the multiplication should be sensibly equal, or differ from 
one another by quantities so small as to fall within the limits of 
errors of experiment, 

§ 867. The following Table exhibits the specific heats of 
thirteen simple substances, the atomic weights which correspond with 
them, the product of the multiplication of these two numbers, and 
the atomic weights derived from their chemical combinations : — 

Table XXXIX. Correspondence of Atomic Weights and Specific 

Heats. 



Specific Heat. 

Atonuc 

Product of 

Chemical 

Atomic 


Weights. 

the Two. 

Weights. 

Bismuth . . . 

0.0288 

108 

31.10 

72 

Lead .... 

0.0293 

104 

30.47 

14 

Gold .... 

0.0298 

100 

29.80 

200 

Platinum . . . 

0.0314 

96 

30.14 

'96 

Tin 

0.0514 

58 

29.81 

58 

Silver . , • . 

0.0557 

55 

30.63 

110 

Zinc .... 

0.0927 

32 

29.66 

32 

Tellurium . . . 

0.0912 

32 

29.18 

32 

Copper . . . 

0.0949 

32 

30.36 

32 

Nickel .... 

0.1035 

28 

30.38 

28 

Iron .... 

0.1100 

28 

30.80 

j 28 

Cobalt . . . 

0.1498 

20 

29.96 

30 

Sulphur . . . 

0.1880 

16 

30.08 

16 



Mean . . 

30.18 
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§ 868. Admitting, therefore, the truth of the law, if we know 
the capacity of any simple body for heat, we have only to divide by 
it the number 30.18, the mean product of the Table, to obtain the 
relative weight of its atom compared to hydrogen. But here, again, 
it will be observed that the atomic numbers derived from the specific 
heats are not in all cases identical with those derived from chemical 
combination; but still they are connected together by the simple 
gelations of multiple and sub-multiple. 

§ 869. It has also been found by M. Neumann, that the 
atoms of compound bodies of analogous composition, are endued 
wnth the same . capacity for heat, as the following results of the two 
classes of carbonates and sulphates will show. 


Table XL. Correspondence of Atomic Weights and Specific 
Heats in the Carbonates. 



Specific Hcftt. 

Atomic 

Weights. 

Product of 
the two. 

Carbonate of Lime . . 

. 0.2044 

50 

102.2 

Carbonate of Baryta . 

. 0.1080 

99 

106.9 

Carbonate of Iron . . 

. 0.1819 

58 

105.5 

Carbonate of Lead . . 

. 0.0810 

134 

108.5 

Carbonate of Zinc.. . 

. 0.1712 

02 

106.1 

Carbonate of Strontia . 

. 0.1445 

74 

106.9 



Mean . 

. 106. 


Table XLI. Gorresponfi,ence of Atomic Weights and Specific 
Heats in the Sulphates. 


Sulphate of Baryta 

, 0.f068 

117 

124.9 

Sulphate of Lime . . 

. 0.1854 

68 

126.0 

Sulphate of Strontia . 

. 0.1300 

92 

119.6 

Sulphate of Lead . . 

. 0.0830 . 

152 

126.1 



Mean . 

. 124.1 


In these instances, the atomic weights exactly correspond with 
those derived from the chemical composition of the several salts. 

§ 870. The like intimate connexion exists between the atoms 
of bodies and electricity : the specific electricity of different sub- 
stances, is inversely as their atomic weights, and a given quantity 
of electricity will separate from combination portions of substances 
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represented by tbeir atomic weights. Thus, the action of 32 parts 
of sine, in a voltaic battery, is able to evolve a current of electri- 
city which is capable of decomposing and transferring the elements 
of 9 parts of water, and of disengaging 1 part of hydrogen and 
8 parts of oxygen. Or : if we have recourse to another source for 
the electricity ; the same current derived from the induction of a 
magnet, which will decompose 9 parts of water into 1 hydrogen, and 
8 of oxygen will, at the same lime, decompose 37 parts of muriatic 
acid into 1 of hydrogen, and 36 of chlorine. 

This is another mode of representing the grand discovery of 
Faraday, and it will be seen from the following Table, that the 
atomic weights experimentally obtained by him by electrical de- 
composition, accord with thop^ derived from’ diemical composition. 
The calculated specific .electricity of equal weights of the different 
substances, is placed by the side of their atomic numbers. 


Table XLII. Electro-Chemical Equivalents, 


Hydrogen . 

CATIONS. 

Equivalents. 

. 1. 

Specific 

Electricity. 

1000 

Oxygen . 

ANIONS, 

Equivalents. 

. 8. 

Specific 

Electricity 

125 

Potassium . 

. 39.2 

25 

Chlorine . 

. 35.5 

27 

Sodium . 

. 23.3 

43 

Iodine 

. 126. 

8 

Zinc # . 

. 32.5 

31 

Bromine . 

. 78.3 

12 

Copper . , 

. 31.6 

31 

Fluorine . 

. 18.7 

55 

Ammonia . 

. 17. 

58 

Cyanogen 

. 26. 

38 

Potassa 

. 47.2 

21 

Sulphuric acid 40. 

25 

Soda . . 

. 31.3' 

32 

Nitric acid 

. 54. 

18 

Lime . . 

. 28.5 

35 

Chloric acid 

. 75.5 

13 


§ 871. This mode of viewing the atomic constitution of 
bodies i|^lation to space, gravity, affinity, heat, and electricity, not 
only pres&its us with the most interesting, although imperfect, 
glimpses of the order of the material creation, but may be practi- 
cally useful by enabling us to correct the data which we derive from 
one order of relations by those deduced from another. Thus, with 
regard to the chemical equivalents, or combining proportions of 
some substances, chemists have been sometimes in doubt between 
two numbers, one the multiple of the other ; which doubt might be 
resolved by an appeal to their specific heats, or electrolytic products. 
For a long time, opinions were divided between the numbers 64 
and 32, for copper, either of which can be defended upon purely 
chemical grounds, with arguments of equal plausibility : both the 
rei^ions, however, of heat and electricity agree in the latter 
Bumber. 
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§ 872. There are some instances, however, in which the 
weights of the atoms derived from physical considerations, as contra- 
distinguished to chemical, are at present irreconcileable with the 
latter, although still connected with them by simple relations. The 
bold spirit of hypothesis, far from being checked by the difficulty, 
hereupon suggests that chemical atoms, those infinitely small par- 
ticles which are indivisible by chemical forces, may be divisible by 
heat, and that, for example, the chemical atoms of mercury are 
divided into two when they pass into the gaseous state. 

§ 873. The forms of the ultimate atoms of different kinds of 
matter have also been appealed to for confirmation of their respective 
weights. It was long ago remarked by^M. Gay Lussac, that, in the 
composition of alum, ammonia might be substituted for potassa 
without at all interfering with the shape of its crystals ; and that a 
crystal of ammoniacal alum, when placed in a saturated solution of 
potassa alum, would go on increasing in size without undergoing 
any modification of form. M. Mitscherlich has since discovered 
that salts, or in general any chemical compounds, which can be 
represented by the same atomic formula, may crystallize together, 
and become mixed in any proportions in the crystals, without modi- 
fying the fundamental form beyond a few degrees in the measure of 
their angles. He supposes that the molecules of all such substances 
have the same forms, and that therefore one is capable of taking the 
place of another without leaving any vacuity. This identity of 
shape and faculty of substitution belongs to bodies of all classes. 
Simple substances, oxides, sulphurets, salts, and organic matters, 
may possess them, and it may therefore be considered as a general 
property of bodies. Professor Mitscherlich has designated it by the 
name of Isomohpiusm : ho denominates isomorphous^ substances that 
crystallizing in the same shape can substitute themselves me for 
the other without changing the form of the product,, he 
regards them as being generally composed of the same number of 
atoms united in the same manner. 

§ 874. This last condition, which agrees in a great number 
of cases with chemical data, being conceded, we have it in our 
power to determine the atomic weights of simple substances which 
have not yet had their specific heat, or their density in a state of 
vapour, determined. 

For an example of this mode of reasoning, let us take iron, whose 
atomic weight determined by its specific heat agrees with the 
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chemioal eqairalent 28; from the analysis of its two principal 
oxides we are led to the following conclusions. 

The protoxide of iron contains : — 


And, — 


Iron. 

77.23 


Iron 77.23 
Oxygen 22.77 



Oxygen. 1 Eqniv. Iron. 

22.77 : : 28 


1 Equiv. Oxy. 
8 


The protoxide, therefore, contains one atom of each element. 
The sesqui-oxido of iron contains : — 


Iron 69.34 
Oxygon 30.66 



Iron. 

And,— 69.34 


Oxygen. 1 Equiv. Iron. Equiv. Oxy. 
30.66 :: 28 : 12 


The sesqui-oxide, therefore, contains 1 atom of iron and 1^ oxygen, 
or 2 atoms of iron and 3 of oxygen. 

Now, the oxide of iron may be replaced in the carbonate or 
sulphate of iron by a great number of oxides ; as magnesia, lime, pro- 
toxide of manganese, oxide of zinc, &c. The analysis of the oxides, 
therefore, being known, nothing can bo easier than to determine 
the atomic weight of the metal when unknown. 


§ 875. It is known, for instance, that lime contains : — 


Calcium 71.4 
Oxygen 28.6 



Knowing, from the law of isomorphism, that lime must contain one 
atom of calcium and one atom of oxygen, we state the following pro- 
portions : — 

Oxygen. Calcium. 1 Oxygen. Atomic Number. 

28.6 : 71.4 : : 8 : 20 


And in the same manner we may proceed with the numerous other 
metals whose oxides are isomorphous with the preceding. 


§ 876. On the other hand, knowing the number of atoms of 
metal and oxygen which the sesqui-oxide of iron contains, we may 
easily find the atomic weights of such metals as afford oxides iso- 
morphous with it. It is known, for example, that the sesqui-oxide 
of iron, the sesqui-oxide of manganese, and the oxides of chrome 
and aluminum, can replace one another, and become intimately 
blended in the composition of alum, without changing the form of 
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the salt. Hence we conclude, that each of these oxides contains 
two atoms of metal for three atoms of oxygen. 

Thus we know that alumina is composed of : — 


Aluminum 53.29 
Oxygen 46.71 



And from these data we obtain the atomic weight of aluminum, 
thus : — 


Oxygen. Alumina. 3 Oxygen. Atomic Number. 

46.71 : 53.29 : : 24 : 27 


§ 877. We will take a last illustration of the principle under 
consideration from manganese, which will prove at once how various 
and how unerring are the indications of isomorphism. 

The protoxide of manganese is isomorphoiis with the protoxide 
of iron, and therefore contains one atom of metal to one atom of 
oxygen. From its composition per cent, wo derive the following 
result : — 

Oxygen. Manganese. 1 Oxygen. Atomic Number. 

21.94 : 78.06. :: 8 : 28 

The sesqui-oxide of manganese is isomorphous with the sosqui-oxide 
of iron, and from its known composition : — 

Oxygen. Manganese. Oxygen. Atomic Number. 

29.()6 : 70.34 : : 12 : 28 

The manganic acid, again, is isomorphous with the sulphuric acid ; 
and from the atomic number of sulphur derived from its specific 
heat, the latter contains one atom of sulphur to three atoms of 
oxygen. Wo must therefore adopt the same formula for the former, 
and its analysis will lead to the following proportion : — 

Oxygen. JManganesc. 3 Oxygen. Atomic Number, 

46.45 : 53.55 : : 24 : 28 

And lastly, the hyper-manganic acid is isomorphous with the hyper- 
chloric acid ; and as this is composed of two volumes of chlorine to 
seven of oxygen, wo must conclude that the hyper-manganic acid 
itself is composed of one atom of manganese to three and a half 
of oxygen, so that we derive the following proportion from its 
analysis : — 

Oxycren. Manganese. 34 Oxygen. Atomic Number. 

50.29 : 49.71 : : 28 : 28 


2 L 2 
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Thus four distinct classes of combinations all lead to the same 
result, and we cannot doubt that with regard to simple substances, 
which cannot even be examined by other methods, isomorphism is 
capable of leading us to correct results. 

§ 878. We have now to remark an evident relation between 
the atomic weights of certain substances and their densities in the 
solid state ; thus amongst the metals, those which have the highest 
numbers have also the highest specific gravities. Hence when the 
atomic weight has been fixed by no other consideration, wo are dis- 
posed to conclude that a heavy metal has a high equivalent, and 
a light metal a low one. The metals which have a specific gravity 
higher than 9, have all atomic weights above 96, and those below 
that density seldom exceed 32 or 40. But knowing the weights of 
equal volumes of two simple substances, and the weights of their 
particles, the relation between the distances of the particles of these 
two bodies, or of the spaces which they occu})y, may be calculated. 
Or, which is the same thing, we may compare the number of the 
atoms in equal volumes of the substances. The density divided by 
the atomic weight of one will be to the density divided by the 
atomic weight of the other, as the number of atoms in a volume of 
the first to the number of atoms in an equal volume of the second. 
Those relations are found to bo of extreme simplicity when wo 
compare together substances which can be classed together by 
marked analogies. Let us compare, for example, the following five 


isoniorphous metals : — 

Densities. 

Atomic 

Weights. 

Number of Atoms 
ill Equal Volumes. 

Iron .... 

7.8 

28 

0.277 

Cobalt . . . 

8.5 

30 

0.280 

Nickel .... 

8.G 

28 

0.300 

Copper . . . 

8.9 

32 

0.278 

Manganese . . 

8.0 

28 

0.280 


Mean , . 0.283 


The numbers in the last column differ too little from the mean 
to allow ua to doubt that to their other analogies we may add that 
of containing the same number of atoms in the same volumes. 

If wo add carbon to this list, wo shall have the following 
result : — 


Diamond 


Density. 

3.4 


Atomic 

Weight. 

G 


Number 
of Atoms. 

0.56 
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From which we conclude that the number of atoms in an equal 
volume of carbon bears the simple relation to the former of a 
duplicate ratio. There may at first appear to be little analogy 
between the preceding metals and carbon; but it is worthy of 
remark, that melted iron is capable of dissolving carbon in large 
quantities, and of throwing it off in a lamellar state in the act of cool- 
ing ; as if the particles of iron and carbon were capable of mutual 
interposition, and occupied spaces simply proportioned to each 
other. 


§ 879. The metals molybdenum and tungsten offer a most 
striking example of this accordance, for while they are united by 
the strongest analogy of properties, they are separated by the greatest 
differences of densities and equivalents : — 



Densities. 

Atomic 

W ci"lit. 

Number 
of Atoms. 

Molybdenum 
Tungsten . . . 

. . 8.6 

48 

0.17 

. . 17.4 

100 

0.17 

§ 880. One more 

example we 

will select from 

a comparison 

between the lightest and lieaviest elementary solids with wdiich wo 

are acquainted : — 

Densities. 

Atomic 

Weight, 

Number 
of Atoms, 

Sodium . . . 

. 0.972 

24 

0.040 

Potassium . . 

, O.Sfi.'j 

40 

0.020 

Platinum . . . 

. 21.500 

9G 

0,200 


Here we see that, in an equal volume, platinum contains just five 
times as many atoms as sodium, and ten times as many as potas- 
sium. 


§ 881. The phenomena to which we have before referred of 
dimorphism (§126) and isomerism (§ 511) are also intimately connected 
with the atomic theory. To the foirner belong those changes in a 
body which, without altering its composition or its chemical character, 
modify its physical properties, such as its density, its hardness, its 
cohesion, its colour, or its crystalline form. They arc conceived to 
depend upon some alteration in the arrangement of the molecular 
groups of the bodies in which they occur. Under the latter are 
classed together all those bodies which present the same composi- 
tion, but which differ essentially in their chemical properties; and their 
differences are doubtlessly connected with differences in the arrange- 
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mont of the elementary atoms or proper chemical atoms of which 
they are composed, 

§ 882. The atomic theory thus connects together, by an 
hypothesis of extreme simplicity, a vast multitude of phenomena 
which could scarcely be comprehended together in any other general 
view ; and it is scarcely possible to overrate its importance. In it 
we recognise one of “ those higher inductions, in which more scope 
is given to the exercise of pure reason than in slowly groping out 
our first results ; and the mind is more disencumbered of matter, 
and moves, as it were, in its own element.’' 

But we must bo careful not to abuse this liberty of speculation, 
which is one of the highest privileges of the well-trained intellect, 
and the student of the atomic doctrines will do well to imprint upon 
his mind the caution of that eminent philosojdicr, to whom wo have 
already been so greatly indebted for our rules of philosophizing, 
that “We are not, therefore, to suppose that wo are abandoned to 
the unrestrained exercise of the imagination, or at liberty to lay 
down arbitrary principles, or assume the existence of mere fanciful 
causes.” “ The ultimate objects wo pursue in the highest theories 
are the same as those of the lowest inductions ; and the means by 
which we can most securely attain them bear a close analogy to 
those which have been found successful in such inferior cases*.” 

§ 883. Wo have thus filled up our plan; and we hope that 
the view which has resulted of the connexion of the physical sciences^ 
may be useful to students in preparing them for that closer and 
more laborious examination of tho principles of chemical philosophy, 
which will bo necessary for the attainment of proficiency in that or 
any other department of science. “It can hardly be pressed forcibly 
enough on the attention of the student of nature,” observes Sir John 
Ilorschel, “ that there is scarcely any natural phenomenon which 
can bo fully and completely explained in all its circumstances with- 
out a union of several, perhaps of all, the sciences and it cannot 
be doubted that, whatever walk of science ho may determine to 
pursue, impossible as it is for a finite capacity to explore all with 
any chance of success, he will find it illuminated in proportion to 
tho light which he is enabled to throw upon it from surrounding 
regions. But independently of this advantage, tho glimpse which 
may thus be obtained of the harmony of Creation, — of the unity of 
its plan — of the theory of the material universe, is one of the most 


Herschei/s Discourse, pp. 190, 191, 
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exalted objects of contemplation which can be presented to the 
faculties of a rational being. In such a general survey he perceives 
that science is a whole, whose source is lost in infinity, and which 
nothing but the imperfection of our nature obliges us to divide. 
He feels his nothingness in his attempts to grasp it, and he bows 
with humility and adoration before that Supreme Intelligence who 
alone can comprehend it; and who "‘in the beginning saw every 
thing that he had made, and behold it was very good.” 
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Absorption, from ahsorheo^ to suck up ; the power or act of imbibing a fluid. 

Acetic Acid, from acctum^ vinegar; the acidifying principle of common 
vinegar. 

Acicular, from a needle ; having sharp points like needles. 

Acoustics, from d/cov6>, to hear; tlie science which relates to sounds. 

Action, from ayo), to move ; the effort by which one ]jody produces, or endea- 
vours to produce, motion in another. 

Adhesion, -ive, from to, and hoereOy to stick ; the tendency which dissi- 
milar bodies have to adhere or stick together. 

Aeration, from dj 7 p, the air ; the saturation of a liquid with air. 

Aeriform, from aer^ the air, and forma^ a form ; having the form of air. 

Aerostation, from di^p, the air, and to weigh; primarily it denotes 

the science of weights suspended in the air, hut in the modern appli- 
cation of the term, it signifies the art of navigating the air. 

Affinity, from «</, to, and finis^ a boundary; relationship; the force which 
causes dissimilar particles of matter to combine together so as to form 
new matter. 

Albumen, -inous, from albumen, the white of an egg; an important animal 
principle. • The white of an egg is albumen mixed with water. 

Alcohol, from a word of Ara1)ic origin; the intoxicating ingredient of spi- 
rituous liquors. 

Alkali, a soluble body, with a hot caustic taste, which possesses the power of 
destroying acidity; the term is derived from kali, the Arabic name 
of a plant, from the ashes of which one species is obtained, and the 
article aL 

Alumina, the base of alum ; pure clay. 

Amalgam, from «/xa, together, and ya/ico) to maiTy ; a chemical term, signifying 
the union of any metal with mercury, which is a solvent of various 
metals. 

Amorphous, from d, not, and fJLop(p^, a form; not possessing regular form. 

Analogy, -ical, and -ous, from ilm, thoroughly, and Xdyoy, a relation or pro- 
portion ; a likeness or resemblance between things with regard to 
their circumstances or effects. 

Analysis, from drd, thoroughly, and Xvo), to loosen ; the separation of a whole 
into parts. 

Angle, from annulus, a comer ; tlie inclination of two straight lines to each other, 
which meet together, but are not in the same straight line. 
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Anhydrous, from a, not, and vBaypy water ; containing no water. 

Anion, from dm, up, and cifw, to go ; that which goes up ; a substance which in 
electrolysis, passes to the Anode. 

Anode, from dm, up, and 6b6s, a way; the way which the sun rises; the 
surface at which the electricity passes into a body, supposing the 
currents to move in the apparent direction of the sun. 

Anomaly, -lous, from ii, not, and m/Aoy, a law ; an irregularity or deviation 
from a law. 

Antagonism, from dvrt, against, and dyaviCofiai, to contend ; opposition of action. 

Antagonist, one who contends against another. 

Anti-septic, from dvrt, against, and to make rotten ; possessing the power 
of preventing putrefaction. 

Approximate, -ively, from ad, to, and proxmus, nearest; havmg affinity with; 
bordering upon. 

Aqua Regia, i. e. Regal Water, a mixture of nitric and muriatic acids ; so 
called from its property of dissolving gold, held by the alchemists to 
be the king of the metals » 

Aqueo, from aqua, water; when prefixed to a word, denotes that water enters 
into the composition of the substance which it signifies. 

Arc, from arcus, a bow; a part of a curved line, as of a circle, ellipse, &c. 

Armature, from armo, to arm ; a piece of soft iron applied to a load-stone, or 
connecting the poles of a horse-shoe magnet. 

Astatic Needle, from dararos, balanced; a double magnetic needle, not 
affected by the earth’s magnetism. 

Astronomy, from da-rpop, a star, and m/xoy, a law or rule ; the science, which 
treats of the heavenly bodies, their motions, periods, 5cc., and the 
causes on which they d(^ 2 )cnd, 

Athermanous, from d, not, and Olppos, heat; that, through which heat will 
not pass, is said to be Athermanous. 

Atmosphere, -ic, from drpos, vapour, and (T(l>aipa, a splierc ; the sphere of air. 
which surrounds the globe. 

Atom, -ic, from d, not, and rlppco, to cut ; a minute particle not susceptible of 
further division. 

Attraction, -ive, from ad, to, and traho, to draw; the tendency which bodies 
have to approach each other. 

Austral, from auster, the south; southern. 

Axis, in geometry, the straight line in a plane figure, about which it revolves 
to produce or generate a solid : more generally the right line conceived 
to be drawn from the vertex of a figure to the middle of the base. 

Azote, from d, not, and life ; another name for nitrogen, (which see.) It 
is so called because it will not support respiration. 

Barium^ from ^apvs, heavy ; a metallic substance of dark gray colour, hitherto 
produced in very small quantities from Baryta. 
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Barometer, -rical, from fidpot, weight, and pirpov, a measure ; an instrument 
for measuring the varying weight of the atmosphere. 

Baryta ; a compound of oxygen, and Barium, possessing alkaline qualities. 

Bibulous, from hiboy to drink; tliat which has the quality of drinking in 
moisture. 

Bifurcation, from Us^ twice, and furca^ a fork ; a forking or division into two 
branches. 

Binary, from bis^ twice; containing two units. 

Binaxial, from bisy twice, and axis, an axis; having two axes. 

Bitumen, -minous, from Mtumeriy pitch; the name given to several inflam- 
mable substances, which, though of vegetable origin, are found in the 
earth, or issue from the surface. 

Boreal, from boreasy the north ; northern. 

Boron ; a dark, olive-coloured substance obtained from boracic acid, insoluble 
in water, and a non-conductor of electricity. 

Bromine, from ppaposy a strong odour; a liquid of a reddish-brown colour, 
which possesses a suffocating odour and pungent taste. 

Caloric, from calory heat; an imaginary fluid substance, supposed to be 
diffused through all bodies, and the sensible effect of which is called 
heat. 

Calorific; imparting the sensation and other effects of heat. 

Calorimeter, from calory heat, and metruniy a measure; an instrument for 
measuring caloric. 

Capillary, from capillusy a hair; resembling or having the form of hairs. 

Capsule, from capsula, a little chest; a small shallow cup. 

Carbon, from carboy a coal ; the chemical name for charcoal. 

Catalysis, from Kurdy thoroughly, and Xuw, to loosen ; an imaginary force which 
is supi)osed to assist the decomposition of some bodies, and the compo- 
sition of others. 

Cathode, from Kard, downwards, and 6ddsy a way; the way which the sun 
sets ; the surface at which electricity passes out of a body, supposing 
the current to move in the apparent direction of the sun. 

Cation, from koto, down, and ft/xi, to go; that which goes down; a substance 
which in electrolysis passes to the Cathode. 

Caustic, from Kala>, to 1 )uiti ; possessing the 2 )ower of burning. 

Chemistry, -ical, from an Arabic word, signifying the knowledge of the sub- 
stance or constitution of bodies; the science, whose object it is to 
examine the constitution of bodies. 

Chlorine, from green ; a yellowish-green coloured gas, of a pungent 

smell, and most injurious to respiration. 

Circulation ; motion in a circle. 

Circumference, -tial, from circuniy around, and feroy to bear; the line which 
is the boundary of a circle. 
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Cleavage^ Plane of ; the plane in which crystals have a tendency to separate. 

Coercible, from coerceoy to restrain ; susceptible of restraint.' 

Cohesion, -ive, from cum, together, and hosreo, to stick ; the relation among the 
component parts of a body, by which they cling together. 

Colander, from colo, to strain ; a kind of strainer. 

Combustion, from comburo, to bum; the disengagement of light and heat which 
accompanies chemical combination. 

Complementary, from compleo^ to fill; that which is capable of filling up, so 
as to make the entire measure of, a quantity. 

Concave, from concams, hollow; curved inwardly or hollow. 

Conduction, from con, together, and dtico, to lead. The power of transmittin 
caloric without change in the relative position of the particles of the 
conducting body. 

Cone, -ical, and -ic; a solid figure, having a circular base, and its other 
extremity or vertex terminated by a point. 

Congelation, from con, together, and pelo, to freeze ; the process of freezing. 

Congeries, from congeries, a heap ; a mass of bodies heaped up together. 

Constituent, from constituo, to put together ; that, of which any thing consists 
or is made up. 

Contact, from con, together, and tango, to touch; the relative state of two 
things, which touch one another but do not cut. 

Contraction, from con, together, and traJw, to draw ; the state of being drawn 
into a narrow compass. 

Convergent, from con, together, and vergo, to bend ; tending to one point from 
various parts. 

Convection, from con, together, and veJio, to carry; the power in fluids of 
transmitting heat or electricity by currents. 

Convex, from con, together, and veho, to carry ; curved outwardly, or protu- 
berant. 

Corpuscular, from corpus, a body ; composed of, or relating to atoms. 

Coruscation, from corusco, to flash or shine ; a flash, or quick vibration of light. 

Crucible, from crux, crucis, a cross ; a little jiot such as goldsmiths melt their 
gold in; so called from having a cross impressed upon it. 

Cryophorus, from Kpvos, cold, and to produce; an instrument for 

showing the relation between evaporation at low temperatures and 
the production of cold. 

Crystallography, from KpvcrraWos, a crystal, and ypdcfxa, to describe; the 
science which treats of crystals. 

Crystals, -line, from KpvaraWos, ice ; a substance having a regular form, as 
rock crystal which resembles ice. 

Crystallization ; the formation of crystals during the passage of certain bodies 
from a fluid to a solid foiin. 

Cube, -ic ; a solid figure contained by six equal squares. 

Cyanogen, from Kvavos, blue, and yewd©, to produce ; a colourless gas, which 
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burns with a peculiar purple flame ; it is the essential ingredient in 
the pigment called Prussian blue.” 

Ctanuret or Cyanide ; the compounds of Cyanogen, which are not acid. 

Cylinder, -rical; a solid figure described by the revolution of a right-angled 
parallelogram, about one of its sides which remains fixed. 

DscoMrosiTiON ; the resolution of a compound body into its component parts. 

Decrement, from decrescoy to grow less ; the quantity by which anything de- 
creases or becomes less. 

Deduction, from de, down, and ducOy to lead ; the process of reasoning by which 
we infer particular from general truths. 

Deflagration, from deflagrOy to burn ; burning. ' 

Deflection, from dcy from, and flectOy to bend ; a t urni ng aside out of the straight way. 

Degree, from dCy down, and graduSy a step ; a quantity in measurement, as, in 
geometry, the 3G0th part of the circumference of a circle. 

Deliquescence, from deliqueOy to melt; a gradual melting, caused by the ab- 
sorption of water from the atmosphere. 

Density, from demuSy thick; vicinity or closeness of particles. 

Dephlogisticated ; deprived of phlogiston, tlic supiiosed principle of inflam- 
mability. 

Detonation, from detonoy to thunder; exjdosion, accompanied with noise. 

Diagram, from Biaypdcfxo, to delineate ; a delineation or representation of geome- 
trical and other figures. 

Diameter, from 5ia, through, and perpovy a measure; the line which passes 
through the centre of a circle, or of any other curvilinear figure. 

Diaphanous, from 5ta, through, and ^atVw, to shine; that which allows a 
passage to the rays of light. 

Diaphragm, from 6ta, division, and </)pd(r(ro), to shut up ; a separation between 
two things. 

Diathermanous, from 5ta, through, and Otpposy heat; that through which heat 
will pass is said to be diathennanous. 

Dielectric, from dia, through, and rjXcKrpovy electricity ; a substance through 
which electricity may be transmitted. 

Diffraction, from disy signifying division, mUfrangoy to break; the deviation 
of rays of light from their straight course, when made to pass by the 
boundaries of an oi)aque body. 

Dilatation, from differrOy to bear apart; the act of extending into greater space. 

Dimorphous, from SW, twice, and a form ; having two forms. 

Disc, from discusy a quoit ; the apparent surface of a heavenly body. 

Disintegration, from diSy meaning separation, and integer y whole; an utter 
separation of pai-ticles. 

Dispersion, - ive , from diy in different directions, and spargOy to scatter; the act 
of scattering. 

Disruption, from diSy in different directions, and rumpOy to break; the act of 
tearing asunder. 
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Dissection, from disseeo^ to cut to pieces; the act of separating into pieces. 

Distillation, separation drop by droj); the process by which a fluid is sepa- 
rated from another substance, by first being converted into vapour^ 
and afterwards condensed drop by drop, 

Divellent, from to tear asunder; that which causes separation. 

Divergent, from diy in different directions, and to bend; tending to 

various parts from one point. 

Dodecahedron, from fiwSf #ca, twelve, and efipa, a base, or side ; a solid figure 
contained by tw^elve equal sides. 

Dynamics, -ical, from fivi/aptf, power; that branch of mechanical science, which 
treats of moving powers, and of the action of forces on solid bodies, 
when the result of that action is motion. 

Ebullition, from ehullio, to boil ; the act of boiling. 

Educt, from a, out of, and duco^ to draw; any thing separated from another 
with which it previously existed in combination. 

Efflorescence, from cfflorcscOy to blow as a flower; the formation of small' 
crystals on the surfaces of bodies, in consequence of the abstraction of 
moisture from them by the atmosphere. 

Elasticity, -ic, from (Xavpa, to push or thrust ; the property bodies possess of 
resuming their original form, wlien i)ressure is removed. 

Electricity, from ^cKrpov, amber; the name of a power of matter, which pro- 
duces a variety of peculiar i)hcnomena, the first of which were 
observed in the mineral substance called amber; the laws, hypothesis, 
and experiments by which they are explained and illustrated, consti- 
tute the science of electricity. 

Electrode, from ^XcKvpov, electricity; and (SSos*, a way; the point at which an 
electric current entem or quits the body through which it passes. 

Electrolysis, -lyte, &c., from rjXtKrpov, electricity, and Xvw, to loosen; the 
act of decomposing bodies by electricity. 

Electro-magnetism; magnetism produced by electricity. 

Electrometer; an instrument for ascertaining the quality and quantity of 
electricity in electrified bodies. 

Electrophorus; an instrument for producing electricity. 

Electroscope ; an instrument for exliibiting the attractive and repulsive agen- 
cies of electricity. 

Element, -ary, from elementum^^n element; that which cannot be resolved into 
two or more parts, and contains but one kind of ponderable matter. 

Ellipse, fium eV, deficiently, and XciW, to leave ; one of the conic sections 
formed by the intersection of a plane and a cone, when the plane makes 
a less angle with the base than that formed by the base and the side 
of the cone. 

Emanation, from e, out, and mmo^ to flow; that which issues from any 
substance or body. 
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Empirical, from eV, in, and mipdofiaiy to make trial; that which is made, or 
is done, as an experiment, independently of hypothesis or theory. 

Empyreumatic, from eV, in, and TrOp, fire ; having the taste or smell of burnt 
animal or vegetable substances. 

Endosmose, from cvdoi/, within, and w<rp6sf the act of pushing ; a flowing firom 
the outside to the inside. 

Epidermis, from eVi, upon, and S/ppa, the skin; the exterior layer of the skin. 

Equator, from cegwts, equal ; a great circle of the sphere, equally distant from 
the two poles; wlien the sun is in this circle, the days and nights are 
equal in all parts of the world. 

Equilibrium, from oequus^ equal, and lihra^ a balance : the state of rest pro- 
duced by forces equally balancing one another. 

Equivalent, from asquus, equal, and mleo^ to be worth ; equal in value. 

Etiolation ; the blanching of vegetables by exclusion from light. 

Evaporation, from c, out, and vapor ^ vapour; the conversion of a liquid into 
vapour. 

Exosmose, from without, and uxrpos^ the act of pushing; a flowing from 
inside to the outside. 

Expansion, from expando^ to open out ; the enlargement or increase in the bulk 
of bodies, -which is iwoduccd by heat. 

Experience, from experior, to attempt, to try ; knowledge gained by observation. 

Experiment; somctliiiig done in order to discover an uncertain or unknown 
eftect. 

Explosion, from out, and plmidoy to utter a sound ; a sudden expansion of an 
elastic fluid with force, and a loud report. 

Extraneous, from extray without ; foreign and contrary to the nature of a thing* 

Felly ; the exterior rim of a wheel, supported by the spokes. 

Ferruginous, from ferruiUy ii*on ; of iron. 

Filter; a strainer. 

Filtration; the process whereby liquids are strained. 

Flexure, from flectOy to bend; the act of bending; also the bend or curve of a 
line or figure. 

Fluorine, from fluoy to flow ; an elementary principle of fluor-spar, which is so 
called from its acting as a flux in the working of minerals. 

Focus, -cal, from focus, a fire-place ; a point, in which a number of rays of light 
or heat meet after being refmeted or reflected. 

Formula, a general theorem; it is called Algebraic, Logarithmic, &c., according 
to tlie branch of mathematics to w'hich it relates. 

Friction, from frico, to rub ; the lubbing or grating of the surlaces of bodies 
upon one another; also the retarding force caused by this rubbing of 
surfaces together. 

Galvanism, from Professor Galvani; current electricity is sometimes so 
called. 
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Galvanometer; au iiistrument for measuring galvanism. 

Gas, “Eous; a term first introduced by Van Helmont; a permanent aeriform 
fluid. 

Gelatinous, from geh^ to freeze ; resembling jelly. 

Goniometer, from ywvta, an angle, and a measure ; an instrument for 

measuring angles. 

Genus, -eric, from genus, a whole race or kind. 

Geometry, -ical, from yf), the earth, and iicrpov, a measure ; the science which 
treats of the relative magnitudes of extended bodies. 

Gravitation, from gravis, heavy; the abstract power which draws bodies 

^ towards each other’s centres. 

Gravity, from gravis, heavy; the natural tendency of bodies to fall towards a 
centre. 

Gravity, Specific ; the relative gravity of a bod}’^, considered with regard to 
some other body, which is assumed as a standard of comparison. 

Halo, from dXa)^, a crown; a luminous circle, appearing occasionally around 
the heavenly bodies; but more es]>ecially about the sun and moon. 

Helioorapiiio, from ^Xios,iliQ sun, and ypdcjyti), to write; delineated by the sun. 

Helix, from eXto-o-to, to twist round; a screw, or spiral. 

Hemisphere, from ^fiia-vs, half, and (r(j)iHpa, a sphere ; the half of a sphere 
formed by a plane passing through the centre. 

Hermetic Seal ; when the neck of a gloss vessel or tube is lieated to the melting 
point, and then tAvisted witli pincers until it be air-tight, the vessel, 
or tube, is said to be hermetically sealed, or to have received the seal 
of Hermes, the reputed inventor of chemistry. 

Heterogeneous, from erepos, different, and yeVof, kind ; different in nature and 
properties. 

Homogeneous, from ojjlos, alike, and yeVoy, kind ; alike in nature and properties. 

Horizontal, from opi'fto, to bound, or tenninate ; parallel to the horizon. 

Hydrate, from vficop, Avater; any uncrystallized substance which contains 
water in a fixed definite proportion. 

Hydrogen, from vd<op, AARtcr, and y€vm<o, to produce; an inflammable, colour- 
less and aeriform flu^d ; the lightest of all known substances, and one 
of the elements of AARter. 

Hydro ; when prefixed to the name of a chemical substance, denotes that hydro- 
gen enters into the composition of the substance which it signifies. 

Hydrometer, from vdcop, Avater, and fierpov, a measure; an instrument for 
comparing the density and gravity of liquids with water. 

Hydrostatics, from vSwp, Avater, and ararbs, standing ; that branch of Natural 
Philosophy, which treats of the pressure and equilibrium of non- 
elastic fluids, and also of the weight, pressure, &c., of solids immersed 
in them. 

Hygrometer, from vypoy, moist, and pirpov^ a measure; an instrument for 
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ascertaining accurately the quantity of moisture itt the atmo- 
sphere. 

IIygroscope, from vypos, moist, and o-icoTrca), to consider; an instrument for 
exhibiting approximatively the moisture of the atmosphere. 

Hyperbola, from vTrcp, excessively, and fidKXw, to place; one of the conic 
sections formed by the intersection of a plane and a cone, when the 
plane makes a greater angle with the base of the cone than that 
fonned by the base and the side of the cone. 

Hypo, from vtto, under; when prefixed to a word, denotes an inferior quantity 
of some ingredient which enters into the composition of the substance 
which it signifies. 

Hypothesis, -tical, from w6, under, and tlOtjijli, to place ; a principle supposed 
or taken for granted in order to prove a point in question. 

Immediately, from m, without, and mediuSy intervening ; without the inter- 
vention of a second cause. 

Impinging, from impingo^ to strike against; dashing against. 

Incandescent, from incandesco, to grow white; white or glowing with heat. 

Incidence, from zw, upon, and cadoy to fall ; the direction, in which one body 
falls on or strikes another ; the angle, which the moving body makes 
with the plane of the body struck, is called the “ angle of Incidence.” 

Increment, from incresco, to increase; the quantity by which anything 
increases or becomes greater. 

Induc’tion, -tve, from in^ to, and dmo^ to lead ; the process of reasoning, by 
which we arc led from general to particular truths. 

Induction, Electrical ; the effect produced by the tendency of an insulated 
electrified body to excite an ox^posite electric state in neighbouring 
bodies. 

Inductometer; an instrument for measuring Electrical Induction. 

Inertia, from inactivity; the disposition of matter to remain in its 

state of rest or motion. 

Inflammable, from in, and flamma, a flame; capable of burning with a flame. 

Inflection, from in, to, and flecto, to bend; the same as Diffraction ; which see. 

Insulation, from insula, an island ; when a body, containing a quantity of free 
heat, or of electricity, is surrounded by non-conductors, it is said to 
be insulated. 

Integrant, from integer, whole, entire; those parts of a body which are of 
the same nature with the whole, are called Integrant. 

Interstices, from interstitium, a break or interval; the unoccupied spaces 
between the molecules of bodies. 

Iodide ; from top, a violet, and clbos, the form or likeness ; a compound of Iodine 
which is not used. 

Iodine ; a soft opaque substance of a blueish-black colour ; when heated it gives 
off a violet-coloured gas. 

Iridescent, from Iris, the rainbow; marked with the colours of the rainbow. 
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IgocHRONOUs, from icror, equal, and > performed in equal times. 

Isomeric, from to-oy, equal, and ^€pos, a part; substances, which consist of the 
same ingredients, in the same proportion, and yet differ essentially in 
their properties, ai’e called Isomeric. 

Isomerism; that portion of Chemical Science which treats of Isomeric sub- 
stances. 

JuxTA-rosTTioN, froiu juxtu, near, and pmo, to place ; the placing of one thing 
close to another. 

Lamina, from lamina^ a thin plate ; extremely thin plates, of which some solid 
bodies are composed. 

Lens, from Icns^ a bean ; properly a small glass in the fonn of a bean ; but 
more generally it means a ])iecc of glass, or other transparent sub- 
stance, having its two surfaces so formed that the rays of light, in 
passing tlirough it, have their direction changed, and are made to 
diverge or converge, or to become parallel after diverging or con- 
verging. 

Levigation, from lwr>is^ smooth; the art of reducing to a light powder. 

Lignin, from lignum^ wood ; the fibrous structure of vegetable bodies, which 
remains when all the substances which are soluble have l)ecn re- 
moved. 

Liquefaction, from Uquefacio^ to make liquid ; the process of com^rting into a 
liquid state. 

Litmus; a blue pigment obtained from the Lichen rocella ; it is a most delicate 
test of acids, whicli turn it red. 

Loadstone, i. e. Leadstoise; an ore of iron having magnetic properties. 

Logometric, from Xoyoy, a i)roi)ortion, and /xeV/jo*/, measure; measuring ])ro- 
IJortionatc spaces. 

Magnet, from Magnesia^ a town in Asia Minor; artificial magnets are small 
bars of steel or iron, which, when placed at libei'ty, turn one end to the 
north. 

Magnetisji; the peculiar property possessed by certain ferruginous bodies, 
whereby, under certain circumstances, they attract and repel one 
another according to certain laws. 

Magneto-Electricitv ; electricity produced by magnetism. 

Malleable, from malleus, a hammer; that which is capable of being spread b}^ 
boating. 

Manufacture, from manus, the hand, and facio, to make; literally, anything 
made by the hand. 

Mass, -ive; the quantity of matter in a body which is in proportion to the 
weight. 

Mathematics, -al, from pavBdvvi, to learn; the science which treats of the 
ratios of numbers and quantities. 

Maximum, from maximus, greatest ; the greatest value of a variable quantity. 
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Mechanics, from fiijxav^, a macliine ; the science which treats of the laws of the 
rest and motion of bodies. 

Mediately, from medim, intervening; with the intervention of a second cause. 

Meridian, from meridies, mid-day;’ the Terrestrial meridian of a station on the 
earth’s surface, is the great circle passing through both the poles of 
the earth, and through the place. 

Metallurgy, from /icVaXXov, a metal, and epyov, a work ; the art of working 
metals and separating them from their ores. 

Metaphysics, -ical, from /xera, beyond, and 4>v(tis, nature; the science which 
treats of objects inaccessible to the senses. 

Methylene, from wine; a compoimTl resembling alcohol in its con- 

stitution. 

Mineralocy; the science, which treats of bodies not being vegetable or animal. 

Minimum, from minimns, least ; the least value of a variable rjuantity. 

Moire K Metallique, fj’om moiree^ a watered silk; when tin plates ai’e washed 
over with a weak acid, the ciystalline texture of the tin becomes 
apparent, foiming a crystalline ajipearance, which has been called 
Moiree Metalliciue. 

Molecules, -ar, a diminutive from tmlcs^ a mass ; the infinitely small material 
particles of wliicli bodies arc conceived to be aggregations. 

Momentum, from moveo, to move; the product of' the numbers which represent 
the quantity of matter and the velocity of a*body, is called its 
momentum, or quantity of motion. 

Mucilaginous; resembling mucilage or gum. 

MuLTiPiii:, from muUiplico, to render manitbld; a quantity is said to be a 
multixde of another, when it contains that other quantity a certain 
number of times without a remainder. 

Nascent, from nascor, to bo l)orn ; in the moment of formation. 

Negative, from nego^ to deny; quantities to which the sign of subtraction or 
negative sign is prefixed, are called negative quantities; tliis sign is 
also used to denote operations wdiicli arc the reverse of those denoted 
by the positive sign. 

Nitrogen, from virpov, nitre, and yevvata, to produce ; a colourless gas, devoid 
of taste or smell ; it is one of the constituents of the atmosphere. 

Nodes, -al, from nodus, a knot; in the doctrine of curves, a node is a small 
oval figure made by the intersection of one branch of a curve with 
another. 

Normal, from norma, a rule ; according to rule. 

Nucleus, from nucleus, a kernel; the central parts of a body which are sup- 
posed to be firmer, and separated from the other parts, as the kernel 
of a nut is from the shell ; also, the point about which matter is 
collected. 

Oblate, from ob, in front of, and lattis, broad ; flattened, or shortened. 

Oblong, from ob, in front of, and longus, long; greater in length than in breadth, 
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OcTOHEDRON, -AL, from ofcrw, eight, and e8pa, a side; a solid figure contained by 
eight equal and equilateral triangles. 

Olefiant Gas, from oleum, oil, and fio, to become ; a colourless, tasteless gas, 
which derives its name from its property of forming an oil-like liquid 
with clilorine. 

Optics, from oTTvofiai, to see ; that branch of Natural Philosophy which treats 
of vision, and of the nature and properties of light, and of the various 
changes it undergoes. 

Organic Matter, from Epyavou, an organ ; when matter possesses organs, or 
organized parts for sustaining living action, as animals and plants, it is 
called organic. 

Organization; construction in jvhich the jiarts are so disposed as to be subser- 
vient to each other. 

Oscillation, from oscillor, to swing; the vibration, or reciprocal ascent and 
descent of a pendulum. 

Oxide; a combination with oxygen, not being acid, 

Oxidizable; capable of being converted into an oxide. 

Oxygen, from acid, and yevpdoo, to produce ; a colourless, aeriform fluid, 
which was formerly supposed to be the universal acidifying principle. 

Parabola, from Trapa, parallel to, and ^dXX<^), to i>lace ; one of the conic sec- 
tions, formed by the intersection of a plane and a cone, when the 
plane passes parallel to the side of the cone. 

Parallel ; a terra applied in geometry to lines and ])lanes, which are every- 
where equidistant from one another ; straight lines, which, if infinitely 
produced, never meet, are called parallel straight lines. 

Parallelogram ; a four-sided figure, of which the opposite sides are parallel 
and equal, 

pARALLELorirEDON ; a solid figure contained by six parallelograms, the opposite 
sides of which are equal and parallel, 

Pfxltcle, a diminutive from pellu, a skin, or ciust ; a thin crust formed on the 
surface of a solution by evaporization. 

Pendulum, from pendeo, to hang; a heavy body so susiiended, that it may 
vibrate or swing backwards and forwards about some fixed point, by 
the action of gravity. 

Percolate, from per, through, and colo, to strain ; to strain through. 

Permeate, from permeo, to pass through ; to penetrate. 

Perpendicular ; the straight line, which, standing upon another straight line, 
makes the adjacent angles equal and consequently right angles, is said 
to be perpendicular to the line upon which it stands. 

Phenomenon, from </>aiVo/iat, to appear ; an appearance. 

Philosophy, -ical, from </)iXeo), to love, and <ro</)ia, wisdom; the study or 
knowledge of nature, or morality, founded on reason and experience, 
the word originally implying “ A love of wisdom.” 

Phlogiston, from <^Xcya), to bum ; a name given by the older chemists to an 
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imaginary substance, wliicli was considered as the principle of Inflam- 
mability. 

Phosgene, from fpa>s, light, and yewdta, to produce ; produced by light. 

Phosphorus, from light, and to produce; a highly inflammable 

substance, obtained from calcined bones, which emits light when 
placed in the dark. 

Photometer, from light, and /icVpov, a measure ; an instrument for mea- 
suring the different intensities of light. 

Physics, -ical, from nature ; the science of natural bodies, their pheno- 

mena, causes, and effects, with their affections, motions, and ope- 
rations. 

Physiology, -ical, from ffiva-is, nature, and Xdyor, an account; the science 
which treats of the structure of living beings. 

Plummet, from plumbum^ lead ; a weight suspended from a string to mark the 
direction of gravity on a perpendicular to the earth. 

Pneumatics, from irvevfia^ air ; that branch of Natural Philosophy, which treats 
of the weight, pressure, and elasticity of ath-iform fluids. 

Polarity ; the opposition of two equal forces in bodies, similar to that which 
confers the tendency of magnetized bodies to point to the magnetic 
poles. 

Polarization ; the communication of the above opposition of forces. 

Polarized Light ; light, which, by reflection or refraction at a certain angle, 
or by refraction in certain crystals, has acejuired the property of exhi- 

; biting opposite effects in planes at right angles to each other, is said to 

be polarized. 

Poles ; the extremities of the axis about which a body revolves. 

Poles of a Magnet ; jjoiiits in a magnet, where the intensity of the magnetic 
force is a maximum ; one of these attracts, and another repels the 
same pole of another magnet. 

Pores, from Trdpof, a passage ; the small interstices between the solid particles 
of bodies. 

Precipitation, from prweipito, to fall suddenly ; the separation of a solid from 
a liquid ; a triangular glass solid used for the separation of rays of 
light by refraction. 

Product, from pro^ forth, and duco^ to draw ; anything formed from the ele- 
ments of another by an operation. 

Progression, from pro^ forwards, and gradior^ to step ; a series of quantities 
advancing in the same manner or according to the same law; in an 
arithmetic progression, they increase or decrease by a common dif- 
ference ; in a geometric by a common ratio. 

Projectile, from proy forwards, and^Wo, to throw; a heavy body projected, 
or cast forwards into space, by any external force. 

Proportion ; the relation of equality subsisting between two ratios. 

Protractor, from forwards, and traho, to draw; an instrument for pro- 
tracting or laying down on paper the angles of a figure. 
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PYROMETfiR, from TTup, fire, and iiirpov^ a measure ; an instrument for mea- 
suring higher degrees of temperature than can be ascertained by a 
thennometer. 

Pyroxyltc Spirit, from TrCp, fire, and acid; a colourless transparent 
spirit obtained by the destructive distillation of wood. 

Pyro ; wlien prefixed to a word denotes that the substance which it signifies 
has been formed at a liigh temperature. 

Quadrant ; the fourth part of the circumference of a circle. 

Qualitative; regarding the properties of a body without reference to 
quantity. 

Quantitative; regarding quantities. 

Radiation, from radius^ ai*ay; the shooting forth in all directions from a 
centre. 

Radical, from radix'^ a root; the original principle of a compound. 

Radius; the straight line drawn from the centre to the circumference of a 
circle. 

Rarefaction, from mrus, rare, and faciOy to make; the act of causing a sub- 
stance to become less dense; it also denominates the state of this 
lessened density. 

Ratio; the relation which subsists between two quantities of the same kind, 
the comparison being made by considering what multiple part or 
parts one of them is of the other. 

Ray ; a beam of light propagated from a radiant point. 

Reaction ; the reciprocation of any iminilse, or force impressed, made by the 
body on which such impression is made. Reaction is always equal to 
action. 

Recondite, from recondo, to hide; liidden or concealed. 

Rectangle, from rectus, right, and angiilus, an angle; a four-sided plane 
, figure, in which all the angles are right angles, and its opposite sides 
c(pial and parallel. 

Rectification; the process of drawing anything off by distillation, in order 
to make it more inire and refined. 

Rectilinear; consisting of, or bounded by straight lines. 

Reflection, from rc, back, and/cc^o, to bend; the act of bending back; when 
rays of light fall on the surfaces of bodies, part of them are thrown- 
back or reflected. 

Refraction, from re, back, imAfrango, to break ; the deviation of rays of light 
from their direct course, when passing through media of different 
densities. 

Refrangible ; suscejitible of refraction. 

Refrigeration, from re, again, and frigo, to cool ; the act of cooling. 

Repulsion, from re, back, and pello, to drive; that property in certain bodies, 
whereby they mutually tend to lecede and fly off from each other. 

Retort, from re, back, and t(yi'qmo,\,ii twist; a vessel with a bent neck, which 
is made use of in chemical operations. 
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Rhombus ; a figure, which has all its sides equal, but its angles are not right 
angles. 

Rixomboiiedron ; a solid figure, wliose sides are composed of rhombi. 

Rhomboid ; a figure, which has its opposite sides equal, but all its angles are 
not equal, neither are all its angles right angles. 

Salifiable Bases, from sal, salt, and fio, to become; bodies capable of com- 
bining with acids to form salts. 

Sapid, from sa2>io, to taste of ; possessing the power of exciting the organs of 
taste. 

Saturation, -ated, from satur, full ; the solution of one body in another, until 
the receiving body can contain no more. 

Scale, from scala, a ladder; an instrument, in which a line is divided into small 
and equal parts, and which is applied for the purpose of ascertaining 
the relative dimensions of other lengths not so divided. 

Section, from seco, to cut ; a cutting, or part separated from the whole. 

Segment of a Circle ; any ])ortion cut off by a straight line. 

Selenium, from (rc\i]vr}y the moon; an inflammable s^id body, of a reddish- 
brown colour ; it is tasteless, and possesses metallic lustre. 

Sine ; the straight line, drawn from one extremity of an arc, perpendicular to 
the radius, which passes through the other extremity. 

Solution, from solvo, to loosen; in chemical language, any fluid, which con- 
tains another substance dissolved in, and intimately mixed with it. 

Solvent ; an}^ substance which will dissolve another. 

Specific, from species, a particular sort or kind; tha^ which denominates any 
property which is not general, but is confined to an individual or 
species. 

Spectrum; the coloured imago formed on a white surface by rays of light 
passing through a hole, and being refracted by a glass prism. 

Sphere; the solid figure formed by the rotation of a semicircle about its 
diameter. 

Spheroid, -al; a solid figure, formed by the revolution of an ellipse about one 
of its axes; hence it is sometimes called an ellipsoid; the spheroid 
•will be oblate or prolate, according as the revolution is performed about 
the minor or major axis of the ellipse. 

, Statics, -ical, from o-raroy, standing; that branch of mechanical science which 
treats of the equilibrium, pressure, weight, &c., of solid bodies when 
at rest. 

Stratum, from sterno, to strew; a layer. 

Symmetry, -ical, from avv, together, and pirpop, a measure; conformity of 
measure. 

S'ynthesis, from <rvp, together, andrt^j7/xi, to place; the composition of a whole 
from its parts ; in mathematics, the process of reasoning out new prin- 
ciples from those already established. 

Sublimation, from sMiniis, high; the act of raising into vapour by means of 
heat and condensing in the^upper part of a vessel. 
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SuLPHURET ; a combination of a metal with suliihur. 

Syitchromous, from together, and time; performed in the same 

time. 

Tactile, from tangoy to touch; of, or relating to, touch. 

Tangent, -ial; the line, which touches a circle or any other curve, but does 
not cut it. 

Tentative, from tento^ to try; experimental. 

Ternary, from ter^ thrice; containing three units. 

Tetrahedron, from TfVo-apes, four, and cSpa, a base, or side; a solid figure 
contained by four equal and equilateral triangles. 

Theory, -etical, from ^ecopla, a view; a collected view of all that is known 
on any subject into one. 

Thermo-Electricity; electricity produced by heat. 

Thermometer, from deppos, heat, and perpov, a measure; an instrument for 
measuring the degrees of heat. 

Thermoscope, from Bfppos, heat, and a-Komo), to view; an instrument for 
exhibiting the^owers of heat. 

Tire ; a hoop of iron, used to bend and receive the felly of a wheel. 

Torsion, Force of, from torqueo^ to twist; a term aiiplied by Coulomb to 
denote the effort made by a thread, which lias been twisted, to 
untwist itself. 

Transparent ; a term to denote the quality of a substance which not only 
admits the passage of light, but also of the vision of external objects. 

Triturated, from trituro, to thrash ;*Teduced to powder. 

Truncation, from truncus^ cut short; the cutting off a portion of a solid, as 
of the solid angle of a crystal. 

Undulation, from unda, a wave; a formation of waves, 

U N lAXAL, from unuSy one, and axis, an axis ; having but one axis. 

Vacuum, Latin; a space empty and devoid of all matter. 

VentilJ^ion, from mntuSy wind; the supply of fresh air. 

Vernier; an instrument invented by Vernier; it consists of a small movable 
scale, running parallel to the fixed scale of a quadrant, or other instru- 
ment, and having the effect of subdividing the divisions of the instru- 
ment into more minute parts. 

Vibration, from mbrOy to brandish; the regular recijirocating motion of a body, 
as of a pendulum, &c. ; a motion to and fro. 

Volume, from volumeuy a roll; the apparent space occupied by a body. 

Weight; the pressure which a body exerts vertically downwards, in conse- 
quence of the action of gravity. 

Zero; the numeral 0, which fills the blank between the ascending and 
descending numbers in a series. 
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Absoiii’tion of air by recently-boiled 
water, 59 

— — of aqueous vapour by charcoal and 
other porous bodies, 57 

— of gases by charcoal, 57 

of heat during liquefaction, 121 

of light, 151 

of o.xygcn by fused silver, 420 

Abstract and natural science contrasted, 1 
Accumulation of momentuin, 20 
Acetic acid, manufacture of, from alcohol 
by platiiia powder, 391 

produced from alcohol, 318 

other, 341 

Acid, acetic, 391 

— boracic, 387 

bromic, 358 

chloric, 350 

— chlorous, 352 

cyanic, 337 

duo silicic, 306 

formic, 398 

fulminic, 338 

hydriodic, 360 

hydro-bromic, 357 

hydro-chloric, 345 

hydro-cyanic, 336 et seq, 

— — hydro-fluoric, 3G4 

hydro-selenic, 375 

hydro-sulphuric, 365 , 

hypo-chlorous, 349 

hypo-nitrous, 298 

hypo-phosphorous, 078 

hypo-sulphuric, 370 

hypo-sulphurous, 370 

iodic, 361 

lainpic, 398 

metaphosphoric, 380 

— — muriatic, 345 

nitric, 289, 290, 397 

— — nitrous, 295 

oxalic, 314, 397 

perchloric, 352 

— phosphoric, 375, 379 

— phosphorous, 377 
prussic, 336 

pyro-phosphoric, 380 

— selenic, 373 


Acid, selcnious, 373 

sulpho-naiihthalic, 339 

sulpho-vinic, 340 

sulphuric, 367 

suljjhurous, 367 

tartaric, 397 

Acids, action of, upon carbonates pre- 
vented by alcohol, 397 

action of, upon plates of different 

metals, 404 ct seq. 

oxides of metals soluble in, 370 

and alkalies, how reciprocally cha- 
racterized, 271 

nomenclature regarding, 297 

Acoustics, science of, 36 
Action and reaction, 8 
Actions and reactions of solutions of 
acids and bases upon salts, and of 
salts in solution upon each other, 
392 

Active affinities, partition of a substance 
between, 396 

Acute rhombohedron formed of sidiere.s, 
82 

Adhesion, 51 

heterogeneous, J 5 

influence of cohesion upon, 393 

influence of, upon affinity, 390 et 

seq, 

of air to glass, 56 

of gaseous matter to liquids, 58 

of mercury to clean surfaces of 

metals, 51, 59 

of surfaces by cements, 52 

Adhesive atti action, 51 
Adjustment of concurring forces, 395 
.(E PIN us, on Magnctisin, 264 
Aeration of water a most important pro- 
cess in nature, 59 
Aerial currents, 113 

fluids, distinction of, into gases and 

vapours, 142 

molecules, repulsion of, by heat, 14 

Aerifonn atoms, collision of, 6 
bodies are bad conductors of heat, 

110 

expansion of, by heat, 90 

mixture of, 64 
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Aeriform fluids, two classes of, 48 

matter, how operated upon, 25 

Affinity, 15, 18, 265 

— — cliangcs the properties of acting 
bodies, 209 

circulation of, 417 

coimnaiid obtained over the force 

of, 418 

concurrent forces of, illustratc<fj 

302 €t aeq. 

conditions of its circulation, 417 

current, 404 

dohble elective, 307 

force of, directed through appro- 

j>riate conductors, 405 

increased ])y heat, 307, 439 

influenced by cohesion, 389 

■ by Jieat, 397 

■ by light, 390, 401 

local, 405 

modifled by adhesion, cohesion, 

and repulsion, 389 ct scq. 

unaccompanied by decomposition, 

(cannot bo tlirown into circulation, 
410 

Aggregation opposes solution, 80 
Agitation detc'rminos cryst alligation, 80 
Air, atmospheric, 2(i 

— absorption of solar radiant heat by, 

187 

— action of, upon lime water, 273 

— adhesion of, to glass, 58 

— affected by com])ustion, 287 

— aqueous va])our ])rcs(‘nt in, 275 

— avei’ago quantities of its ingredients, 

278 

— carbonic acid present in, 274 

— chemical proi)ertics of, 288 et seq. 

— collection of, 28 

• — combustion suj)portcd by, 287 

— compression of, evolves heat, 119 

— currents establislied in, by beat, 112 

— definite weight and pressure of, 25 

' — density of, affects the spark discharge, 
237 

— dissolv(*d by water, 59 

— elasticity of, 28 

— • entangled by water, 59 

— escape of, from water, 59 

— heated, ascends, 112 

— increased capacity of, for heat, 120 

— mechanical properties of, 26 et seq, 

— - promotes crystallization, 89 

— lu’oportion of its elements wonderfully 

adjusted, 273 

— regular ex]>ansion of, by heat, 92 

— regular supply of, essential to the 

perfection of flame, 323 

— rushing into a vacuum, velocity of, 66 

— satiu’ated with moisture, 137 


Air, syntlietically formed, 272 

— volume of, corrected for pressure, 32 

— volume of, corrected for temperature, 

105, 108 

— volume of, decreases with increase of 

pressure^ 28 and note. 

Air-jar for experiments on gases, 28, 
note. 

Air-pump, its construction, 27 and note. 
Air-thermometer of Sanctorio, 91 
— — of Leslie, 92 

Alcohol, action of sulphuric acid upon, 
318, 320, 339 

change of, into vinegar, 318 

contractions of, 509 

manufacture of acetic acid from, 

by i)latina powder, 391 

prevents the action of acids upon 

carbonates, 397 

produced from sugar by yeast, 392 

sources, properties, and elements 

of, 317 et seq. 

Alkali dissolved out of powdered glass 
by water, 80 
Alkalies, 27 

Alteration of volume by heat affects 
specific gravity, 105 

Alum, dissected, forms of a mass of, 78 

slow action of water upon, 78 

Alumina, solubility and insolubility of, 

389 

Amalgam for electrically exciting glass, 
207 

I of ammonium and mercury, 420 

Amalgamated zinc, 405 

— : spheres, experiments with, 423 

et seq. 

Amber, electricity of, 11 
Ammonia, 301 

carbonate of, decomposed by nitrate 

of lime, 307 

decoiin)Osed by spongy platinum, 

390 

formation of, by solution of zinc in 

nitro-sulphuric acid, 414 

formation of^ by spongy platinum, 

3J)0 

hydrogen, and nitrogen, the ele- 
ments of, 301 

metallic base of, 420 

nitrate of, 290, 303, et seq, 

sources and properties of, 301 

Ammoniacnl gas, strong adhesion of, to 
water and watery vapour, 62 
Ammonium, the imaginary base of am- 
monia, 420 

Ampere, on Electro-Maguetism, 483, 
485 

Analysis, 272 

of light, which has been transmitted 
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through bromine vapour, 367 ; and 
nitrous acid vapour, 296 
Analysis of organic matters, 316 

of water by various methods, 276 

et aeq, 

fcOf white light, 159 

Analyzing plate of tourmaline, 170 
Ancient elements, 266 
Angle, polarizing, I7I5 173 
Angles of crystals altered by heat, 83 
Anhydrous alcohol prevents the action 
of acids upon carbonates, 397 

sulphuric acid, 368 

Animal electricity, 496, 502 

force, 9 

heat, 88 

light, 403 

matter, elements of, 332 

membrane, passage of water and 

gases through, 63, 65 
respiration produces carbonic acid, 

275 

Anions, 449 

Anode and cathode, 449 
Anomalous expansion of water, 104, 1J5 
Antimony, dissection of, by fused sul- 
phuret, 77 

Anti-septic properties of chlonne, 345 
Apparatus for the compression of li- 
quids, 47 

Appreciation of minute distances, 5 
Approximation of particles by pressure 
and cold, ^ 

Aquafortis, formation of, from oxygen 
and nitrogen, 289 
Aqueo-nitric acid, 297 

sulphuric acid, 368 

Aqueous solution of carbonic acid gas, 61 

of chlorine, 344 

of hydro-chloric acid gas, 345 

of sulphurous acid gas, 367 

solutions of metallic salts electro- 

lized, 464 

vapour, absorption of, by cliarcoal 

and other porous bodies, 67 
— present in the atmosphere, 135, 

275 

Arctic regions, intense cold of the, 110 
Argand lamp, rays of heat from dame 
of, 191, 194 

Armagh cathedral, restoration of, 103 

Armature of a magnet, 263 

Armed magnet, 263 

Arragonite, crystals of, 85 

Artificial illumination, perfection of, 323 

magnets, 12 

Ascent of heated air, 112 

of heated liiiuids. 111 

Ashes, 271 
- — varieties of, 281 


Assisting affinity, 414, 416 
Astatic needle for neutrali/Ang the di- 
rective power of the earth, 409 
Astronomical instniments, contraction 
of, by cold, 104 
Athermanous bodies, 190 
Atmosphere, contrary currents in the 
115 

convection of heat in the, 114 

deposition of moisture from the, 135 

hygrometric state of the, 136 

pressure of the, how first demon- 
strated, 30 

temperature of the, 114 

Atmospheric air, 100 cubic inches of, 
weigh 31 grains, 29 

invariable uniformity of its con- 
stitution, 66 

pressure, 32, 34 

electricity, 249 

intensity of, * subject to varia- 
tions, 253 

Atomic particles/ forms of, 505 

tlieorj'^, 603 et seq, 

' weight, 508 

weights and specific heats, con*c- 

s])0lidence of, 5J0 
Atoms, 7 

densities of, 516 

isomorphism of, 513 

relative distances of, 607 

specific heat of, 511 

spherical, of crystalline bodies, 82 

Attraction, 10 

adhesive, 51 

capillary, 52 

cohesive, illustrations of^ 12 

elective, 67 

electrical, 197, 246 

gravitative, 16 

magnetic, 1 1 , 255 

Aurora Borealis, 253 
Austral and boreal fluids, 264 
Average pressure of the atmosphere 
upon every square inch of surface, 
34 

Axes of symmetry of crystals, 84 
Azote, 268 

Bahixg ton’s battery, 436 
Bad conductors of heat, 108 
Baking a fruit pie illustrates the expan- 
sive power of heat, and the pressure 
of the atmosphere, 36 ^ 

Balance, care required in the construc- 
tion of a, 20 
of forces, 9 

homogeneous and heteroge- 
neous, 60 
Balloon, 279 
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Banxs^ Sin J., and others, entered a 
heated atmosphere, 109 
Barium, chloride of, 347 

phosphuret of, 378 

Barley-sugar, slow change of its stme- 
ture, 00 

Bar magnet, 265 
Barometer, discoveiy of the, 31 

gi-adiial deterioration of, by A* 

stealing into tlie vacuum, and how 
prevented, 57 

mean lieight of the, 32 

oscillations of the, 139 

tube with platinum ring, 57 

Barometric column, depression of, by 
vajiours, 133 

Bahky’s process in vacuo, 120 
Battery, constant, 438 

current of electricity in, depends 

upon chemical affinity, 438 

* dissected, 431 

— — force of the, 438 

high intensity of the, 442 

— Leyden, charged by a water bat- 
tery, 433 

plates, various constructions of, 

435 ct seq. 

thermo-electric, 470 

voltaic, 430 

Beats of sound, 165 

Becquehel, on crystals produced by 
current affinity, 419 

— — — on electrical conduction of metals, 
403 

Beet-root, juice of, tested, 179 
Bennet’s gold-leaf electrometer, 204 
Be 11 Aim, on polarization of heat, 195 
Best conductors of heat, 107 
Bi-carbiiret of liydrogen, its sources, 
properties, and elements, 320 et 
seq, 

of nitrogen, 334 

Bi-hydro carbon, 319 

action of chlorine upon, 354 

BiOt, on circular polarization, 178 
Bi-polarization of light, 174 
Bum on the production of crystals by 
current affinity, 419 
Birds, velocity of ffight of, 150 
Bismuth crystallized, 50 
Bi-sulphuret of carbon, 371 
Bi-sulphuretted hydrogen, 366 
Bittern, 356 

Black, on fixed air, 274 

on latent heat, 120 

Black bands in the solar spectrum, 160 

and bright surfaces, absorption and 

reflection of heat by, 184 
Blanching of vegetables, 402 
Bleaching linen aided by light, 40 h 


Bleaching powers of chlorine, 344 
Blocks of stone split by wooden wedges, 
50 

Blowpipe, theory of the, 324 
Boiled water rapidly absorbs air, 59 
Boiling in vacuo, 69, 126 * 

point of water, 94 

points affected by pressure, 120 

of liquids, 124, 128 

Bones, yield phosphorus, 375 
Boracic acid, 387 

Boracite, becomes electrical by heat, 248 
Borax, rough and refined, 381 
Boron, sources, properties, and elemen- 
tary nature of, 380 

its combination with chlorine, 388 

with fluorine, 388 

with oxygen, 387 

Bow, power of the, 10 
Bow church steeple damaged by expan- 
sion and contraction, )04 
Bramah’s press, construction of, 42 
Brass-wire, slow change of its struc- 
ture, 80 

Bregtjet’s metallic thermometer, 97 

affected by the conducting 

wire of a simple circuit, 407 
Brimstone, 364 
Brine, concentration of, 134 
Brittleness of solids, 46 
Bromate of potassa, 356 
Bromic acid, 358 
Bromide of potassium, 350 
Bromine, sources, properties, and ele- 
mentary nature of, 356 

its combination with hydrogen, 357 

its combination with oxygen, 358 

vapour, analysis of light transmitted 

through, 357 

Bruxel, on liquid carbonic acid as a 
mechanical agent, 143 
Brush discharge, 237 
Buildings, walls of, restored to the per- 
pendicular by the contraction of 
iron bars, 103 

warmed by heat evolved during the 

friction of iron plate, 87 
Bulk, diminution of, by mixture, 119 

Cagxiard de 7. a Tour, on the tran- 
sition point of liquids and vapours, 
144 * 

Calcareous spar, crystals of, 85 

dissection of a six-sided prism of, 

by cleavage, 74 

■ expansion of, by heat, 83 

Caloric, 14 
Calorific rays, 180 

differences of, 193 

Calorific sources differinradiantheat, 191 



INDEX. 


541 


Calorimeter for ascertaining specific 
heats, 118 

Camphor, slow crystallization of, 399 
Caudles, examination of the flames of, 
113, 322 

Cane, capillary pores of, 65 
Cannon-ball, velocity of, 150 
Cakton, on phosphori, 403 
Capacity for heat, 120 
Capillary action, experiments upon, 53 

action, importance of, in natural and 

artificial aiTangements, 55 

— force generated by, 56 

attraction, 62 

— of tubes and plates of glass, 53 

depression of mercury, 54 

pores of vegetable bodies, 65 

Carbon, 276 

‘ its combination with chlorine, 353 

— with hydrogen, 316 

with nitrogen, 332 

witli oxygen, 312 seq» 

bi-sulphuret, 371 

hydro-chloride, 354 

— per-chloride, 364 

— •— proto-chloride, 355 
Carbonate of ammonia, decomposed by 
nitrate of lime, 307 

formed from cyanic acid, 338 

lime always of definite compo- 
sition, 287 

Carbonates, action of acids upon, pre- 
vented by alcohol, 397 
Carbonic acid gas, aqueous solution of, 61 

general properties of, 274 

passage of^ through animal 

membrane, 65 

— present in the atmosphere, 274 

— • produced by combustion, 274 

produced by respiration of ani- 
mals, 276 

Carbonic oxide, sources and properties 
of, 313 

— — its compound with chlorine, 401 
Cast iron protectors for copper sheath- 
ing of ships, 422 
Catalysis, instances of, 392 
Cathode, 449 
Cations, 449 

Cavendish, discovered liydrogen, 279 

— the elements of nitric acid, 289 

Cell, containing plates of zinc and plati- 
num, 415 

Cells, charged with different liquids for 
experiments upon current affinity, 
426 et seq, 

containing diluted acids and plates 

of different metals, 426 et seq, 

for electrolysis, 450 

of the dissected battery, 431 


Cells of the constant battery, 430 
— retarding, in the dissected bat- 
tery, 433 

Celsius’s thermometer, 94 
Cements, adhesion of, 52 
Centigrade thermometer, 94 
Chaptal on crystallization, 399 
Charcoal, absorption of gases by, 67 
abstracts sulphuretted hydrogen 
from its aqueous solution, 67 

deflagrated by the voltaic battery, 461 

varieties of, 275 

Charge, electrical, distribution of, 208 

voltaic, convection of the, 445 

Chemical action a source of heat, 88 

a source of electricity, 438 

circulation of, 405 

affinity, 1 5, 265 

elements, 268 

equivalents, 306 et seq, 

examination aided by polarization, 

179 

nomenclature, principles of, 294, 309 

notation, 309 

phenomena, definite notions of the 

nature of the forces which princi- 
pally concur to the production of, 
1 to 16 

properties of air, 266 et seq, 

rays of the solar siiectrum, 402 

Chemistry, advantages which the science 
of, has derived from the law of defi- 
nite proportions, 362 
Chime of bells, electrical, 249 
Chinese and Arabians einjdoycd the 
magnet at a very eaidy period, 254 
Chlorate of potassa, 351 
energetic action of, upon in- 
flammables, 351 

pure oxygen evolved from, 269 

Chlorates, 350 
Chloric acid, 350 
Chloride of barium, 347 

of boron, 388 

of cyanogen, 355 

of gold, reduction of, by light, 399 

of nitrogen, 353 

— ^ of silicon, 385 

of silver decomposed by solar light, 

400 et seq. 

electrolization of, 455 

— — reduced by hydrogen, 390 

of suljihur, 372 

Chlorides, 344 
Chlorine, 343 

its action upon olefiant gas, 354 

combination with boron, 388 

with carbon and hydro-car- 
bon, 353 

— . — with carbonic oxide, 401 
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Chloj’ine, its combiuatioxi with cyanogen, 
355 

— ^ with hydrogen, 346, 401 

with nitrogen, 362 

with oxygen, 349 

with phosphorus, 382 

— with silicon, 385 

with sulphur, 372 

liquid, zinc, and platinum plates 

immersed in, 418 

Chlorophane, phosphorescence of, 403 
Cliloro salts, 344 
('hlorous acid, 352 

Cii’cular plates, electro-magnetic ota- 
tion of, 486 

polarization of light, 178 

Circulating affinity or electricity, 441 
Circulation of affinity, 405 

essential conditions for the, 441 

Circulation of fluids by heat, 112 
Circumferential and tangential direction 
of the electric and magnetic ac- 
tions, 482 

Classical elements, viz. earth, air, fire, 
and water, 206 

— •— although not undecomposable, 
are important matters, 285 

Clay, contraction of, by heat, 97 
Clean surfaces, wetting of, 61 
Cleavage of beril, 83 

of calcareous spar, 74 

of crystals, 74, 80 

of fluor spar, 75, 80 

of ])hosphato of lime, 83 

CLEMEJfT and Desohmes, on latent 
lieat of steam, 131 

Clothing, relative conducting power of 
the materials of. 111 
Clouds, electrical, 249 
Cohesion, 12 

antagonist of, 14 

examples of, 12 

how overcome, 13, 60 

influence of, upon adhesion, 393 

upon affinity, 389 

modified results of the force of, 45 

opposc'd to solution, 60 

of globules of mercury and water, 13 

of solids, affects their conduction of 

heat, 108 

and elasticity, equilibrium of the 

forces of, 14 

Cohesive force, readjustment of, 86 
Coils of silk wire used in the galvano- 
meter, 409 

Cold, intense, of the Arctic Regions, 110 

— positive existence of, distinct from 
heat, 186 

produced hy escape of high pressure 

steam, 132 


Cold, produced by evaporation, 124 

by licpiefaction, 121 

radiation of, 186 

Collection of air, 28 

of gases over mercury, 33, nole 

over water, 29, note 

Collision of aeriform atoms, 6 

of flint and steel, 87 

Cooling, slow rate of, in viscid liquids, 
112 

Coloration for heat, 196 
Colour affects the reception of solar 
heat, 187 

I of voltaic light, 462 

Coloured fringes of light, 161 

polarization, 175 

rays of light, 158 

rings of light, 165 

Colours, con’cction of, siiirounding the 
image in telescopes, 160 

produced hy thin plates, 165 

of Newton’s rings, 165 

Combination, illustrations of, 392 

X>*‘Oi^oted by light, 401 

Combinations of cells, 466 
Combustible and supporter of combus- 
tion, relation of the terms, 270 
Combustibles, 271 
Combustion defined, 271 

phenomena of, 267 

quantities of Jieat evolved during, 398 

slow, arnuigements for effecting, 

324, 397 

without flame, 398 

Common salt, crystals of, influenced in 
form by urea, 70 

Comparison of voltaic and common elec- 
tricity, 460 

Compass needles deranged by light- 
ning, 253 

Complementary colours, 166 
Comi)OsUion, chemical, laws of, 286 
water of, 342 

Compositions and decompositions, equi- 
valent proportions of^ 405 
Compound flame of oxygen and hydro- 
gen, intense heat of, 281 
— wire of platinum and silver, partial 
ignition of, by voltaic electricity, 
464 

Compressibility of solids, 46 
Compression of liquids, viz. alcohol, 
ether, mercury, and water, 47 
Concave surfaces, reflection of liglit 
from, 153 

Concentration of force, 9 

— magnetic action, 476 

Concentric spheres of generating and 
conducting metals, 423 et seq^ 
Concurrence of forces, 388 
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Concurrence 'of the different forces of 
adhesion, affinity, cohesion, electri- 
city, heat, light, and magnetism, 
404 et seq. 

Concurrent forces of affinity illustrated, 
392 et seq. 

Concurring affinities, 394, 429 

forces, adjustment of, 395 

Condensation of steam, 129 
Condensed oil gas, 320 
Condenser, electrical, 217 
Condensing electrometer, 218 
Conditions of circulation, 417 
Conducting power of materials for cloth- ; 
iiig, HI 

of metals, 403 

— • of solutions, 4C4 , 

— wire of a simple circuit, its state of I 
activity, 407 

— — deflects the magnetic needle, 
473 

— — direction of the magnetic needle, 
above and below, 408 

— - — self-induction of the, 494 
Conduction, electrical, of metals, 403 

without decomposition, 457 

of solutions, 4C4 

of heat, lOG 

Conductors of electricity, 201, 232 

— — necessary for establishing a 
current of affinity, 417 

— of heat, 107 

and electrolytes, intermediate link 

between, 4G2 
Congealing points, 122 
Congelation, contraction during, 50 

expansion during, 51 

heat evolved during, 123 

Connexion of the physical sciences, 
618 

Constant battery, 438, 461 

— — power of, how increased, and 

how decreased, 439 

Contact of mercury with the barometer- 
tube, how effected, 31 
Contraction, sudden by concussion, 104 
— — of alcohol and sulphuret of carbon, 
509 

— < of clay by heat, 97 
Convection of heat. 111 

of the voltaic charge, 445 

Convective discharge, 241 

currents of electricity, 242 

Converse of electro-magnetic rotation, 
489 

Copper, finely divided, ignition of, 389 

■ precipitation of, by current affinity, 

415 

— — — upon brass and silver plates, 
421 


Copper, precipitation of, upon platinum 
plates, 421 

— upon spherical surfaces of 

brass, 432 et seq. 

-T — sheathing of ships, prevention of 
its corrosion, 422 

— solution of, in nitric acid, IG 
Correction of colours surrounding the 

image in telescopes, IGO 

of gases for moisture, 141 

for pressure, 32 

— — for temperature, 105 

of specific gravities, 105 

CoiTespondence of atomic weights and 
specific heats, 510 
Corundum, 389 

CouLown’s experiments on the inten- 
sity of magnetism, 262 

torsion electrometer, 204 

Couronne ties iasses, 436 
Crown of cups, 435 
Cruikshank’s trough, 430 
Cryophoriis, 125 

Crystalline bodies sometimes contain 
w^ater, 342 

forms peculiar to certain classes of 

substances, 70 

— uses of a knowledge of, 7 1 

sti’ucturc, hy])otheses regarding the 

phenomena of, 79 

texture of metals developed by 

solvents, 70 
Crystallization, 50 

— accelerated, 69 

- affected by light, 399 

instantaneous, of a saturated solu- 
tion of sulphate of soda, 69 

modified by foreign bodies, 70 

' water of, 342 

Crystallized bisiimtli, 50 
bodies, interception and transmis- 
sion of lieat by, 189 
— — calcuj’oous spar, 85 

■ double refraction of, 168 

— — carbon, 85 

iron pyrites, 85 

sidphur, 50, 85 

Crystallography, 68 

great extent of, 71 

new nomenclature in, 85 

Crystals, angles of, affected by heat, 83 

axes of symmetiy of, 84 

change of, by sunlight, 86 

cubical molecules of, 79 

decrements of, 79 

— - deposited from turbid, muddy, solu- 
tions, 70 

deposition of, influenced by changes 

of temperature, 70 

— derivative faces and forms of, 84 
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Crystals, dissection of, by cleavage, 74, 
80 

— — by solvents, 78 

— — dimorphous, 85 

edges of, 71 

elementary parts of, 79, 82 

expansion and contraction of, by 

changes of temperature, 83 

faces of, 71 

growth oi^ 70 

laigc, how obtained, 

measurement of, 72 

natural and artificial, 09 

nuclei of, 69 

— — plane angles of, 71 

primitive forms of, 7 1 

prismatic system of, 85 

produced by slow action of current 

affinity, 418 

pyramidal system of, 85 

rhombohedral systeiji of, 85 

secondary forms of, 71, 79 

solid angles of, 71 

spherical elements of, 82 

— ~ systems of, 85 

tessular system of, 85 

uniiixal, 85 

Cube, formed of spheres, 82 
Cubes, arrangement of, in crystalline 
fonns, 79 

Cubic foot of steam, weight of, at dif- 
ferent temperatures, 133 
Cubical molecules of crystals, 79 
Culinary utensils afford illustrations of 
the philosophy of heat, 185 
Current affinity, 404 et seq. 

conditions of its establishment, 

417 

influence of surface upon, 421 

illustrations of, 404 et aeq, 

increased by heat, 439 

intense activity of, 431 

measured by its chemical effects, 

433 

action of any voltaic circuit, formula 

for ascertaining the, 465 

electrical, designation of the, 446 

ill voltaic arrangements, due to 

chemical action, 438 

hydro-electric, 471 

thermo-electric, 470 

Currents of air in rooias, 1 14 
Cyanate of potassa, 338 
Cyanic acid, 337 

compound isomeric with, 337 

convertible into carbonate of am- 
monia, 338 

Cyanide of mercury, 333 
Cyanides, 335 
Cyanogen, 333 et seq. 


Cyanogen, its combination with chlorine, 
355 

— with hydrogen, 336 

— — with oxygen, 337, 398 

tendency of, to combine with ele- 
mentary substances, 335 
Cylinder electrical machine, 206 

Balibard, on the identity of lightning 
with electricity, 249 

Dalton, on the atomic theory, 603 et seq, 

on evaporation, 134 

on hygrometers, 136 

Daniell’s constant battery, 438 
experiments on tlie flame of a con- 
stant battery, 461 

hygrometer, 136 

pyrometer, 98 

Davies on the antiquity of the magnet, 
254 

Davy, Dr., on the torpedo, 497 
Davy, Sir II., on copying paintings on 
glass, 400 

on radiation, 187 

oil the protection of the copper 

sheathing of ships, 422 
i Decaying organic matters, phosphores- 
cence of, 403 

Decomposing power of the constant 
battery, 439 

Decomposition of metallic salts, by solar 
and artificial light, 400 et seq. 
Decompositions, chemical, illustrations 
of, 388 et seq, 

by electricity of friction, 468 

by voltaic electricity, 453 

Decrements of crystals, 79 
Definite electro-chemical action, 405, 
451, 458 

proportions, 286 

•— advantages which chemistry has 

derived from the law of, 362 

limit the force of current affinity, 

415 

volumes, symbols for illustrating, 

287 

Deflagration of metals, by voltaic elec- 
tricity, 461 

Deflection, of the magnetic needle, by 
chemical action, 407 
De Laroche, on radiant heat, 189 
De Lisle’s thermometer, 94 
De Luc’s column, 443 
Densities of atoms, 616 et seq. 

Density increased by pressure, &c., 7 

of steam, 130 

Derivative forms of crystals, 84 
De Sa us sure’s hygrometer, 68 
Destructive distillation of animal mat- 
ter, 332 
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Destructive distillation of vegetable mat- 
ter, 316 

Deterioration of barometers, by the slow 
entrance of air into the vacuum, 
and how prevented, 67 
Detonations of compounds, 353 
Deutoxide of nitrogen, its sources and 
general properties, 292 
Dew, formation of, 186 

point of the hygrometer, 135, 186 

Diamond, a form of charcoal, 276 

— crystals of, 85 

refractive power of, 166 

Diaphanous bodies, 150, 190 
Diathermancy, 189 

of various solids and liquids, 190 

Diathermanous bodies, 190 
Dictionaries, definition of the word Ele- 
ment in, 266 
Dielectrics, 222 

Difference between a vapour and a gas, 
48, 49 

Differential thennometer, 92 
Diffraction of light, 162, 164 
DiflFiision of gases, 64 

— of metallic copper, by chemical 
action, 421 et seq. 

Diffusion-tube, construction of the, 65 
Dilatation, increasing, of glass, metals 
and other solids, by heat, 101, 102 
Diluted acids, action of, upon plates of 
zinc and platinum, 404 
Diminution of bulk, by mixture, 119 
Dimorphism, 85, 364, 517 
Dimorphous bodies, 85 
Dipping needle, 260 
Direct chemical action, energy of, 
398 

and indirect combination, 398 

Direction, and dip of needles, 261 
Directive needle, 260 

power of the earth, 408 

Discharge, convective, 241 
of electricity, by conduction, by dis- 
ruption, and by convection, 231 
Discovery of Galvani, 411 
Disintegration of bars of tin, by the ac- 
tion of mercury, 78 

Dispersive powers of bodies, as regards 
light, 159 

Disruption of solids by mechanical 
means, 60 

Disruptive discharge of electricity, 233, 
235, 460 

Dissected battery, 431 
alum, 76 

bars of tin, 78 • 

Dissection of antimony by fused sulphu- 
ret, 77 

— of crystals by cleavage, 74, 80 


Dissection of crystals by solvents, 76 
Distance most advantageous between ge- 
nerating and conducting surfaces in 
a battery, 438 

Distillation, process of, 68, 123 

of aqueous solutions of muriatic 

acid, and ammoniacal gases, 62 
Divisibility of matter, 7 
Dollond’s telescopes, 160 
Double decomposition, quiet results of, 
399 

chlorides, 344 

elective affinity, 307, 396 

refraction of Iceland spar, 168 

weighing, great use of, 21 

Drebel’s thermometer, 91 
Ductility of solids, 46 
Du Fay, on electricity, 199 

on magnetism, 264 

Dulong and Arago, on steam, 128 

Petit, on progressive dictation 

of solids by heat, 101 

on specific heat, 119 

Dynamics, 9 

Earth, difficulty of defining the mean- 
ing of the word, 281 

directive power of the, as regards 

magnetic needle, 408 

magnetic equator and poles of the, 

261 

temperature of the, 114 

Earths of the metals, 282 
Ebullition, 124 

under increased pressure, 127 

reduced pressure, 124 

of water at atmospheric temperature 

under reduced pressure, 59 
Effects of terrestrial magnetism, 490 
Efflorescent salts, 342 
Elastic bodies, vibrations of, 149 

fluids, 26 

force of steam, 44 

Elasticity, 10, 25 

of air, law regarding the, 26 

.of solids, 46 

opposed by weight, 10 

Elective affinity, 267, 307, 395 

attraction, 67 

Electrical amalgam, 207 
arrangements, use of metallic coat- 
ings in, 227 

attraction, 218 

laws of, 246 

balance, 245 

battery, 224 

residual charge of, 231 

brush discharge, 237 

carrier ball, 220 

charge, distribution of, 209 

2 N 
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Electricfil cliarp^e of glass, 224 

chime of bells, 249 

clouds, 249 

coated pane, 223 

condenser, 217 

conduction, 202 

— of metals, 403 

of solutions, 404 

and insulation, certain condition 

of particles for, 231 

conductors, polar state of, 211 

convective discharge, 241 

— — force of, 243 

discharge, effects of the, 235 

expansive force of, 235 

instantf'ineity of the, 234 

retardation of, by water, 244 

tlirougli a chain, 234 

varieties of, viz. — 

Brush, 237 ; conductive, 231 ; 
convective, 24 1 ; disruptive, 233 ; 
glow, 240 ; lateral^ 232 ; spark, 234 ; 
star, 239 

disruptive discliarge, modifications 

of, 237 
eel, 498 

excitation of glass, resin, silk, and 

flannel, 197 

excitement, existence and nature 

of, determined, 203 

flame, fusion by the, 4(51, 472 

fluids, hypothesis concerning, 199 

foret‘s, simultaneous production of, 

199, 212 

glow discharge, 240 

head of hair, 215 

induction, 210, 220 

compared with magnetical n- 

duction, 250 

— curved lines of, 220 

insulated room for exiK*riuient8 

on, 215 

— re<iuires no sensible thickness 

in the conductors, 216 

specific, 228 

inductive action taking place through 

different media, 228 

insulating power of shell-lac, 221 

insulation, 202 

insulators, called dielectrics, 222 

jar, 223 

jars, coatings of, 227 

free charge of, 226 

polar arrangement of, 226 

theory of the cliarge of, 227 

kite, 249 

light, 205 

heat, 244 

machines, 206 

polar arrangements, 210, 226 


Electrical relations of metals, 437 

repulsion, 11, 197 

shock by contact of metals, 412 

by the gymnotus, 600 

the Leyden jar, 223 

the toiT;)edo, 497 

spark discharge, 236 

discharge affected by density of, 

niediuin, 236 

discharge, instantaneity of the, 

235 

sparks from different metals, 234 

in air form nitric acid, 289 

snapping noise of, 250 

specific inductive capacities, 229 

state, affected by surface, 206 

statics, 197 

tension of aeriform matter, 237 

unit jar, 226 

Electhicit V, 196 

accumulation of, 224 

action of points on, 243 

animal, 496 

atmospheric, 249 

brush and star, appearance of, 239 

charge of glass by, 227 

common, compared with voltaic, 4 60 

decompositions by, 468 

conduction of, by metnls, 232 

conductors and non-conductors or 

insidators of, 201, 232 

convective current of, 242 

convulsions produced by, in cold- 
blooded animals, 411 

current in air lu-oduced by, 243 

decomposition by, 458 

developed by amber, 1 1 

by chemical action, 438 

by contact of dissimilar metals, 

411, 437 

— by heating metals, 4G7 

by magnetism, 490 

dischai-go of, by conduction, by dis- 
ruption, and by convection, 231 

disruptive discharge of, 233 

distvil)uti()n of, over surfaces, 209 

escape of, from points, 243 

excitation of^ by various methods, 

197, 247, 437 

excitation of, in the electrophonis, 

219 

free charge of, 226 

genei*ated in De Luc’s column, 

443 

glass charged by, 227, 228 

perfoi*ated by, 235 

— 2— gunpowder inflamed by, 244 

heat evolved by, 88 

I hypothesis concerning, 199 

I identity of, with lightning, 249 
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Electricity, ignition of inflammable sub- 
stances by, 244 

induced, 210 

insulators of, 202 

intensity of, measured, 225 

lateral discharge of, 2.33 

negative, 200 

positive, 200 

radiant action of, 244 

residence of, upon the exterior sur- 
face of a charged body, 208, 215 

residual charge of, 230 

resinous, 198, 437 

resistance of metals to the passage 

of, 232 

retardation of its jiassage by wa- 
ter, 244 

sources of, 247 

specific insulating power of gases, 

237 

thermo, 489 

vitreous, 198, 437 

Electric column, 443 

current, designation of the, 446 

organs of the torpedo and gymno- 

tus, 496 et seq. 

Electrics and non-electrics, 203 
Electro-chemical action, definite, 405, 
451, 458 

primary and secondary cibaracters 

of its decompositions, 454 

equivalents, 612 

Electrodes, 445 

Electro-dynamic cylinders, 484 
machine, 495 

Electrolization, compounds susceptible 
of, 4.52 

Electrolysis, 452 el seq. 

fomis of apparatus for, 450 

Electrolytes, i)olarity in, 446 

and conductors, intermediate link 

between, 462 . 

Electrolytic bodies, table of, 457 

equivalents, 451 

Electro-magnetic apparatus, 473 el seq. 
helices, 475 

effects, upon what dependent, 474 

induction, 474, 476, 49.3 

rotation, 478 et seq, 

sphere, 485 | 

spirals, 484 I 

Electro-magnetical and magneto-electii- 
cal phenomena, connexion between, 
489 

Electro-magnetism, 473 
Electro-magnets, 477 
Electro-thermancy, 472 
Electrometers, various, 203, 218, 444 
Electrophorus, 218 
Elementary battery, 429 


Elements, chemical, 268 

constituent of organic and inorganic 

matter, 286 

defined, 268 

four ancient, 265 

metallic and non-metallic, 284 

non-metallic, 343 

primary and secondai’y compounds 

of, 309 

transfer of, in galvanic arrange- 
ments, 413 

Elongation of vibrating rods, 39 
Empedocles, liis doctrine of elements 
265 

Endosmoso and exosmose, process of, 63 
Equality of atmospheric pressure, 34 
Equilibrium of heat, 106 
Ecpiivalents, chemical, 306 ei seq, 

oloctro-chemical, 512 

electrolytic, 451 

Ether, 320 et seq. 

slow combustion of, 307 

theory of the formation of, 341 

vapour, combustion of, 397 

Etherial medium, undulations of the, 148 
Ethcrine, 328 

combines with chlorine, 356 

— sulpho-vinic acid, 340 

Ethers, nature of the compounds so 
called, 340 

Etiolation of vegetables, 402 
Eudiometer| for tbo synthesis of water, 
280 

Evaporation, 68, 133 

produces cold, 124 

rate of, how afiected, 133 

spontaneous, 133 

Excited glass and wax, 197 
Excitement produced by the inhalation 
of protoxide of nitrogen, 291 
Exhaustion of air from vessels by the 
air-pumj>, 27 

of animal force, 9 

Exosmose and endosinose, process of, 63 
Expansion, caused by heat, 89, 92,97, 103 

and contraction of certain crystals 

^ by changes of temperature, 83 
Eximnsive force exerted by water in 
freezing, 50 

Experience the sound foundation of na- 
tural knowledge, ] 

Exjjlosive compound of chlorine and ni- 
trogen, 353 

External and internal forces, 12 
Extraordinary ray of light, 169 
Eye, impressions of light upon the, 
147 

Facts and ideas, 3 
Fahrei^heit’s thermometer, 94 
2 N 2 
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Fall of heavy and light bodies, 17 
Faradait, on bi-car buret of hydrogen, 
326 

on decomposition by electricity of 

friction, 458 

on electrical induction, 219, 220 

on electrolysis, 449 

on electro-magnetic rotation, 478 

oil the gymnotus, 498 

on the liquefaction of gases, 142 

on magneto-electricity, 486 

on origin of the force of the voltaic 

battery, 438 

on specific inductive capacities, 

229 

on specific insulating power of 

gases, 237 

on vapour of mercury, 133 

Fatigue endured in walking upon a stiff 
clay, accounted for, 35 
Feather, attraction and repulsion of, by 
excited electrics, 197 
Fermentation, 317 
Ferro-cyanate of potassa, 333 
Fibrous texture of malleable iron, 77 
Filtration, separation of liquids from 
each other by, 66 
Fire, anciently an element, 265 

St. Elmo’s, 263 

Fire-balloon, 113 
Fire-damp of coal-mines, 320 
Fire-fly, phosphorescence of the, 403 
Fixed oils, elements of, 326 

points of melting ice and boiling 

water, 93 
Flame, 322 et seq. 

cooled by wire gauze, 325 

light and heat of, 322 et seq, 

rotation of voltaic, 481 

solid matter present in, evolves 

light and radiant heat, 189 
Flameless lamp, 324 
Flint, 384 

Floating magnetic spiral, 477 
Flowers of sulphur, 365 
Flowing of sand compared with the flow- 
ing of water under similar circum- 
stances, 43 

of water from orifices at different 

heights in a vessel, 41 
Fluids, pressure of, 41 
Fluoride of boron, 388 

■ of silicon, 386 

Fluorine, 365 

combination with boron, 388 

hydrogen, 363 

silicon, 386 

Fluor-si)ar, 363 

(chlorophane), phosphorescence of, 

403 


Fluor-spar, dissection of a cube of, by 
cleavage, 7^, 80 
Fluo-silicic acid, 386 
Foam and spray of waterfalls, 59 
Foci of heat and light, 180 
Forbes, on polarization of heat, 196 
Force, 8 

animal and mechanical, 9 

called into action by the absorption 

of water into the pores of dry wood, 
66 

expansive, of heat, 102 

— — repulsive, of heat, 89 

varieties of, 10 

of affinity directed through con- 
ductors, 405 

of steam at different temperatures, 

128, 133 

of the voltaic battery, origin of the, 

438 

of vibrations, 39 

Forces, concurrence of, 388 

external, 12 

internal, 12 

polar, 12 

Foreign bodies induce combinations to 
take place, 392 

— - — modify the act of crystalliza- 
tion, 70 

Formic acid, 398 
Forms of crystals, 71 
Fonmila for ascertaining the current ac- 
tion of any voltaic combination, 465 
Four elements, 265 

Franklin, on absorption of solar heat 
by coloured surfaces, 187 
on analogy of lightning and elec- 
tricity, 249 

on electricity, 199 

on lightning conductors, 252 

Free charge in electricity, 226 
Freezing in vacuo, 126 

point of mercury, 284 

• water, 94 

lowered by saline matter, 

116 

mixtures, 121 

Friction, 40 

electricity produced by, 1 1 

evolves heat, 86 

— light, 146 

impairs the magnetism of steel, 263 

■ less between surfaces of dissimilai* 

matter than between those of the 
same matter, 62 
Fringes of light, 161 

Frog, limbs of, convulsed by electricity, 
411 

prepared for galvanic experi- 
ment, 412 
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Fulmtnic acid, isomeric with cyanic acid, 
338 

Fusinieri, on electric sparks, 234 
Fusion by the electrical 8ame, 46*1, 472 

Galena, dissection of a crystal of, 75 
Galvani, discovery made by, 411 
Galvanic experiments, 411 seq. 
Galvanism, phenomena of, 411 et seq. 
Galvanometer, 409 

Gaseous matter, adhesion of, to liquids, 
58 

Gases, affinities of, in their nascent state, 
390 

combination of, induced by plati- 
num surfaces, 301 

collected over mercury, 33, note 

water, 29, note 

confined by mercury, slow escape 

of, 05 

correction of, for moisture, 141 

piessure, 33 

— temperature, 105 

diffusion of, 04 

■ — inseparable from water by heat, 61 

liquefaction of some, 49 

permanently elastic, 144 

properties of, 49 

refractive powers of, 156 

— — saturation of, with moisture, 141 

separable from water by heat, 61 

— — solution of, in water, 01 

specific insulating power of, 237 

and vapours, 48 

Gauge for the air-pump, 34, note 
Generating cells of the dissected battery, 
432 

and conducting jjlates, 407 

surfaces in a battery, most 

advantageous distance between, 438 

surface, small, effects of, upon a 

large conducting one, 422 
Gilbert laid the foundation of elec- 
trical science, 190 
Glacial phosphoric acid, 370 
Glass, acted upon by water, 60 

fluoric acid, 363 

adhesion of air to, 56 

coated with tin-foil for electrical 

experiments, 223 

diathermancy of several varieties 

of, 190 

— dispersive powers of, 159 
— — elasticity and cohesion of, 14 
— — electricity of, 197 

green, coloration of, for heat, 195 

— increasing dilatation of, by heat, 101 
perforated by electricity, 235 

— plates, vibrations of, 38 

— refractive power of, 155 


Glass, screens of, for furnaces, 188 

specific gravity of, 23 

Glow discharge, 240 

Glow-worm, phosphorescence of the, 403 
Gold, chloride of, reduced by solar light, 
399 

dissection of, by aqua regia, 76 

leaf, 46, 182, 185 

electrometers, 203, 444 

Goniometer, common, 72 
reflecting, 73 

Graduated air-jar for experiments on 
gases, 28, note 

Graduation of thermometers, 93 
Gravitation, atti-action of, 16 

direction of, 17 

Gravity, 11 

force of, decreased, 21 

laws of, 18 

Green glass, coloration of, for heat, 195 

vitriol, distillation of, 367 

Growth of crystals, 70 
Gulf stream, 115 

Gullet of an ox useful for making tubes 
to the constant battery, 439 
Gun-barrel burst by water in freezing, 51 
Gunpowder inflamed by electricity, 244 
Gymnotus electriousy 498 

Hair hygrometer of the Paris Observa- 
tory, 58 

Hjirdness of solids, 45 

of ultimate atoms, 6 

Hare’s experiments with the voltaic 
battery, 461 

Harris’s experiments upon electrical 
attraction, 218 

— conduction, 232, 463 

electrical balance, 245 

unit jar, 225 

Hartshorn, pungent odour of, 300 
Hauy’s theory of crystalline structure, 
79 

Hawks BEE, on electrical light, 205 
Heat, 86 

absorption of, by liquefaction, 121 

7 abstraction of, by evaporation, 124 

accession of, amongst particles of 

matter, 89 

action of, on zinc, 404 

aeriform bodies bad conductors of, 

108 

expand by, 92 

affinity influenced by, 397 

animal, 88 

artificial, intense, 398 

bad conductors of, 107, 108 

brass and iron bar, its expansion 

by, 07 

capacity for, 120 
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Heat, chemical action a source of, 88 

coloration for, 195 

colour of surface aftects the recep- 
tion of solar, 187 

conduction of, 106 

affected by cohesion of solids, 

108 

by aeriform bodies, 110 

by liquids, 109 

by solids, 107 

conductors of, 107 

contraction of clay by, 97 

connexion of, with light, 180 

convection of, 111 

a grand natural agent, 114 

currents jiroducod by, in air and 

liquids. 111, 118 

dark, reflection of, 181, 188 

different degrees of, re(iuired to 

deterinino the combination of bo- 
dies, 397 

distribution of, over the earth, 114 

electricity a source of, 88 

enormous, of the sun, 86 

equilibrium of, 106 

evolution of, by chemical action, 407 

: condensation, 119, 120 

solidification, 123 

exception to the general law of 

expansion by, 89, 90, 104, 115 

expands all gaseous bodies alike, 105 

foci of, 180 

force of expansion by, 102 

friction a source of, 86 

impairs or destroys the foj'ce of a 

magnet, 263 

important agency of, 14, 114, 115 

increases affinity, 397, 439 

increasing dilatation of solids by, 

101 

influence of, on magnetism, 263 

intense, of a compound jet of oxy- 
gen and hydrogen, 281 

latent, 120 

of steam, 130 

of vapours, 131 

linear dilatation of solids by, 90 

liquids bad conductoi’s of, 108 

metals the best conductors of, 107 

obscure rays of, 1 80 

polarization of, 195 

produced by animal life, 88 

ju’opagation of, by conduction, 185; 

by convection, 111 ; by radiation, 145 

quantities of, which are evolved by 

different bodies during combustion, 
398 

radiant, 145, 180 

absoiption of, 182 

arrested by glass, 1 88 


Heat, radiant, best absorbents of, are the 

best radiators, 182 

best reflectors of, 182 

conical reflector for, 182 

evolved by lime in oxy-liydrogen 

flame, 189 

illustrations of, by culinary uten- 
sils, 184 

intensity of, 181 

intorce]>tion and transmission of, 

by crystalline bodies, 189 

mirrors for experiments on, 

181 

^ passc^ge and absorption of, 180 

of^ throiigli glass, 1 88 

tlirough translucent sub- 
stances, 189 
rays of, 1 80 

from different sources, effect 

of, 111)011 snow, 194 

from a lamp flame, 191, 104 

reflection of; by metallic sur- 
faces, 181, 182, 185 

icfraction and constant trans- 
mission of, through rock salt, 192 

separated from light, 195 

— surface affects, 183 

texture affects the absorption of 

terrestrial, 187 

tliermoscope for detecting the 

passage of; 190, 194 

transmission of, by rock salt, 

192 

true glass of, 192 

radiating powers of bodies with re- 
gard to, 183 

radiation of, 145 

affected by the density of a 

body, 183 

by polished and cast metal 

surfaces, 183 

from different sources, 191 

in nature, 185, 186 

in vacuo, 187 

and reflection of, illustmted by 

culinary utensils, 184 

radiators of, 182 

reflection of, by gold-leaf, 182, 185 

reflectors of, 182 

refraction of, 188 

relation of the powers of absorption, 

radiation, and reflection of, 184 

repulsive force of, 14, 89 

secondary radiation of, 193 

slow escape of, from viscid liquids, 

112 

solar absorption of, by air, 187 

by coloured suri^es, 187 

reception of, affected by colour, 

187 
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Heatj solar aud terrestrial^ difference 
between, 180, 193 

sources of, 8G, 87, 88 

specific, 117 

store of, in the waters of tlie ‘'great 

deep,” 118 

sun a source of, 87 

terrestrial radiant, absorption of, by 

surfaces, 187 

thermometers for ascertaining de- 
grees of, 91 

trade winds result from, 114 

vapours, bad conductors of, 110 

ventilation effected by, 113 

water, a bad conductor of, 108 

Heating power of the voltaic current, 
481, 472 

Helices electro-magnetic, 475 
Heliographic drawings, 401 
Hcinisplicros of brass, experiments with, 
on metallic precipitation, 423 et seq. 
Hempen cloth, sugar yielded by, 329 
Hen ley’s electrometer, 225 
Henry’s apparatus for experiments on 
steam, 129 

Henry, on electro-magnets, 477 
Heterogeneous adhesion, 15 

attraction, 51 

High pressure steam, 127 

— sudden escape of, 132 

Homogeneous attraction, 12 

cohesion, 12 

repidsion, 14 

medium, passage of light through, 

151 

Hoof of the horse injured by a heated 
shoe, 101 

Hook discovers fixed points for gi’adu- 
ating tlierniometers, 93 
Hooke, on the influence of colour upon 
the reception of solar heat, 187 
Horse-shoe magnet, 258 
Howard, on boiling syrup in vacuo, I 
126 

Human body, atmospheric pressure sus- 
tained by the, 35 

Humboldt, on the gj^mnotus, 500 
Hunter, on the gymnotus, 501 
Hutton, on hygrometers, 138 
Hydrates, or hydrated oxides of metals, 
342 

Hydriodic acid, 380 
Hydro-bromic acid, 357 
Hydro-carbon, compounds of, 330 

with chlorine, 363 

Hydro-carbons, various, viz., bi-carburet, 
327 ; etherine, 328 ; lignin, 329 
pyroxilic spirit, 330 ; methylene, 
331 ; naphthaiin, 331 
action of, on sulphuric acid, 339 


Hydro-carbons, act the part of simple 
bodies, 339 

— cause of the light disengaged dur- 
ing the combustion of, 323 

intense light of, has no chemical 

power, 402 
Hydro-chlorates,"^ 34 7 
Hydro-chloric acid, 345 

action of, upon metallic oxides, 

347 

Hydro-chloride of carbon, 364 
Hydro-cyanic acid, sources, properties, 
and elements of, 338 ct seq. 
Hydro-electric curront, 471 
llydro-fiuoric acid, 384 
Hydrogen, 278 

adhesion of, to plates of metal acted 

upon by acids, 404, 414 

bi-carbiirot of, 327 

bi-sulphuretted, 386 

collection of, from the dissected 

battery, 431 

combustion with air and oxygen, 

278 

combination of, with bromine, 357 

with carbon, 316 

chlorine, 346, 401 

cyanogen, 336 

— fluorine, 383 

— iodine, 380 

nitrogen, 299 

— — phosphorus, 381 

selenium, 374 

sulphur, 365 

enacts the part of a combustible, 

and a sui^porter of combustion, 279 

evolution of, during the action of 

diluted siilidiuric acid upon zinc, 
404 et seq. 

levity of, 279 

mixture of, with oxygen, through 

a narrow tube, 84 

musical sounds produced by, 278 

■ passage of, through caoutchouc, 65 

through small fissures, 65 

peroxide of, 311 

reduces chloride of silver, 390 

— ^ — removal of^ from plates of metals 
when acted upon by acids, 416 

selemirettcd, 376 

sub-carburetted, 320 

sulphuretted, 365 

Hydrometer, for taking specific gravi- 
ties, 23 and 24, note 
Ilydro-selenic acid, 375 
Hydro-statical paradox, an an^angement 
so called, 42 

Hydro-sulphuric acid, 365 
Hygrometers, 136 
Hygroscopes, 68 
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Hyperbolic curve produced by the ascent 
of a liquid between plates of glass, 
53 

Hypo-chlorous acid, 349 
Hypo-nitrous acid, 298 
Hypo-phosphorous aci<^ 378 
Hypo-sulphite of soda, use of, iu helio- 
graphic drawings, 401 
Hypo-sulphites, 371 
Hypo-suli)huric acid, 370 
Hypo-sulphurous acid, 370 
Hypotheses of light, 148 

Ice, formation of, on the surface of a 
lake, 115 

melting, temperature of, 93 

— quantity of, melted by heat of dif- 
ferent bodies during combustion, 
398 

— specific gravity of, 51 

Iceland spai* becomes electrical by pres- 
sure, 247 

— — double refraction of, 168 
Ignition of finely divided metals, 389 

— partial, of a compound wire of pla- 
tinum and silver, 464 

Illumination, soiirces of, compared, 
151 

Iiicoercible gases, 144 
Inconvenience experienced upon as- 
cending altitudes, 35 
Increasing dilatation of glass metals, 
and other solids by heat, 101, 102 
Indelible ink, 400 
Induced electricity, 210 

magnetism, 256 

Induction, electrical, 210 

— — in curved lines, 220 

electro-magnetic, 474, 476, 493 

— — maguetical, 256 * 

compared with electrical, 256 

volta-electric, 487 

Inductive action taking place through 
different media, 228 
reasoning, 4 

Inductric or inductive, and iiiducteous 
bodies, 210 
Inertia, 7 

Inflammable air, 277 ei seq. 

Inflection of light, 162 
Influence of light upon affinity, 401 

of surfaces upon the precipitation 

of metals, 421, 424 et seq. 

Inherently luminous bodies, 146 
Ink, indelible, 400 

Instantaneity of the electrical spark dis- 
charge, 235 

Instantaneous ciystallization of a satu- 
rated solution of siilj^hate of soda, 
69 


Insulated conductoi*s, polar electrical 
states of, 210 

room for experiments upon elec- 
trical induction, 215 
Insulating power of gases, 237 
Insulators of electricity, 202 
Intense activity of current affinity, 431 
Intensity of chemical affinity, 456 

of electricity measured, 225 

of the battery, 442 

Interference of light, 162 
Internal forces, 12 
Iodic acid, 361 

loxlide of mercury, change of its colour 
by friction, 86 

of nitrogen, 362 

of potassium, employment of, in 

experiments upon current affinity, 
428 et seq. 

Iodides, 360 
Iodine, 359 

analysis of light transmitted through 

vajiour of, 359 

— - combinations of, with hydrogen, 
360 

with nitrogen, 361 

T 7” 361 

• precipitated by chemical action, 

428 

Iridescent colours of mother of pearl, 165 
Iron, atti’action of, by the magnet, 255 

cast, crystalline texture of, 77 

crj'stals of, 418 

dt‘comj)osition of water by, 277 

enormous contractile force of, 103 

expansion of, in solidifying, 51 

filings, attraction of, by a conduct- 
ing wire, 473 

finely divided, ignition of, 389 

horse-shoe rendered magnetic, 477 

insusc{q)tible of magnetism at a 

white heat, 264 

malleable, fibrous texture of, 77 

oxide, formation of, by steam, and 

reduction of, by hydrogen, 396 
l)roduct of its combustion in oxygen, 

272 

pyrites, crystals of, 85 

Irregular contraction of bodies in cooling 
from fusion, 84 
IiiviNE, on latent heat, 122 
Isochronous oscillations, 19 

vibrations, 36 

Isomeric bodies, 326 
Isomerism, 326, 517 
Isomorphism of atoms, 613 et seq. 

Kelp, a source of iodine, 359 
Kitchen utensils afford apparatus for il- 
lustrating radiant heat, 184 
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Lamp flame, rays of heat from a, 191, 194 

flameless, 324 

miner’s safety, 32j5 

Lampic acid, 398 

Large crystals, process for obtaining, 70 
Latent heat, 120, 130 
Lateral discharge of electricity, 2.'i2 
Lavoisier overturns' the phlogistic 
theory, 284 

and La Place on specific heat, 117 

Ijrws of composition, 286 

Lead finely divided, ignition of, 389 

■ ' — surfaces, cohesion of, 12 
Lenses, 167 

arrangement of, for obtaining oc- 

loured rings of light, 167 

and prisms of rock-salt, 1 92 

liESLiE, his differential thcrinometer, 
92 

■ — — experiments on freezing in 

vacuo, 125 

on hygrometers, 138 

on radiating powers, 183 

Leyden battery charged by a water bat- 
tery, 442 

jar, 223 

Light, 145 

— absorption of, 151 
» — — — and emission of, by certain 
bodies, 403 

affects crystallization, 399 

— — analysis of, after transmission 
through bromine vapour, 357 ; and 
nitrous acid vapour, 206 
— — — angle of incidence, 152 

of reflection, 152 

animal, 403 

— artificial intense, aflbets compounds, 
402 

bi-polarization of, 174 

bleaching effect of, 401 

cessation of the reflection of, 167 

circular polarization of, 178 

■ coloured polarization of, 175 

— rays of, 158 

spectrum of, 158 

connexion of, with heat, 1 80 

decomposition of, by absorption, 101 

by refraction, 158 

decrease of, as the square of the 

distance, 151 

— . diffraction of, 162, 164 

— dispersive powers of bodies regard- 
ing, 169 

double refraction of, 168 

electrical, 205 

elementary rays of, 158 

emitted by animal matter, 403 

— by flames, 323 

— by friction, 146 


Light emitted by lime in flame of oxy- 
hydrogen, 189 

extraordinary ray of, 169 

focus of, 161 

fringes of, 161 

hypotheses concerning, 148 

impression of, on the eye, 147 

incident rays of, 161 

inflection of, 162 

influence of, upon affinity, 399 

intensity of, determined, 151 

decreases with its distance, 18 

interference of, 162 

iridescent coloui*s of, 166 

lenses and prisms affect, 157 

measure of, 161 

metals gi-eatest reflectors of, 152 

nature of, 1 48 

ordinary ray of, 169 

phenomena of, 145 

jihosjAiorescent, 402 

polarization of, 170 

l)olarized, api>lication of, as a test 

of substances, 179 

of, to navigation, 179 

polarizing tube, 178 

in’oduction of, by undulations of 

ether, 148 

promotes combination, 401 

propagation of, 148 

radiation of, 151 

ray of, 149 

rectilinear course of, 151 

reduces metallic salts, 399 

reflected rays of, 151 

reflection of, 151 

fi'om concave sui’fiices, 153 

from jdane surfaces, 152 

refracted and reflected by the sea, 

179 

refraction of, 151, 154 

by lenses, 157 

by prisms, 157 

by various media, 155 

i*efractive ijowers of bodies regard- 
ing, 155 

■; relation of to matter, 160, 398, e/ se^. 

rings of coloured, 165 

■ secondary radiation of, 153 

separated from radiant heat, 196 

sources of, 146 

sun the great source of, 146 

tmnsinitted through leaf gold, 152 

imifomi velocity of, 151 

vegetation influenced by, 402 

velo(iity of, 15 

comi>ared with that of sound, 

250 

voltaic, ai)pearance of, in air and in 

vacuo, 4(;1 



554 


INDEX. 


Light, white, composition of, 169 

and heat of the sun, 86 

Lightning, 249 

compass needles deranged by, 253 

conductors for, 262 

— identity of, witli electricity, 249 

velocity of, 250 

zig-zag i)ath of, 251 

Lignin or woody fibre, sugar produced 
from, 329 

Lime, a(iueous solution of, acted upon by 
air, 273 

light and heat evolved by, in an 

oxy-hydrogen flame, 189 

nitrate of, decoinjiosed by carbonate 

of ammonia, 307 

solubility of, at different tempera- 
tures, 61 

Limpid liquids, 40 

Linear dilatation of solids by heat, 90 
Lines in the spectrum, 296, 357, 359 

of rest on vilnuting surfaces, 38 and 

note 

Licpiefaction, a])soi7>tion of heat during, 
121, 123 

of gases, 49, 1 42 

Liquid carbonic acid, 143 

<rlilorino, zinc and ])latinum plates 

immersed in, 416 

globule of, on a heated surface, 110 

])artieles, cohesion of, 13 

Liquidity an essential condition of elec- 
trolysis, 447 

Liquido-coiiduction, 448 
Liquids, adhesion of gaseous matter to, 58 
bad conducting power of the va- 
pour of, 1 10 

bad conductors of heat, 108 

boiling ])oints of, 124 

circulation of, by heat, 112 

cohesion of, 13 

compression of, 47 

congealing points of, 122 

electrical conduction of, 464 

employed for Ailing thermometers, 

93 

expansion of, by heat, 90 

heating of^ 111 

latent heat of, 123 

refractive ])owers of, 156 

slow mixture of, when of different 

densities, 62 

and vapours, transition point of, 144 

Litharge, irregularity of its contraction 
in cooling from fusion, 84 
Loadstone, derivation of the term, 1 1 
Loaf-sugar, 68 

capillary action and solution of, 60 

Local action, 404 
circuits, 415 


Lorenziki, on the torpedo, 406 
Low temperatures, thermometer for 
measuring, 96 
Luminous bodies, 146 

Machtxe electricity, decompositions by, 
458 

IMachines, electrical, 206 

magneto-electric, 481, 491 

JVfagnesia wetted by water, 56 
Magnet, antiquity of the, 264 

anned, and armature 263 

artiflcial, 12 

attraction of iron by the, 255 

injured by a fall or friction, 263 

keeper of, 258 

made by electricity, 475 

poles of the, 255 

])OAver of, decreased or destroyed 

by heat, 2(i3 

power of, increased by cold, 263 

rotation of, about an electric wire, 

479 

weights suspended by, 258 

ISIagnetic action, concentration of, 476 

attractions and repulsions, 11, 255, 

25(; 

batteries, 259 

boreal and austral fluids, 264 

currents, origin of, 485 

directive and di2)ping needles, 260 

elements, 484 

e(juatoj*, 261 

force of a conducting wire, 407, 473, 

et set/. 

forces, intensity of, 262 

induction, 256 

of the earth, 262 

meridian, 261 

needh>, 260 

affected by the conducting wire 

of a simple circuit, 407 
astatic, 409 

deflection of by chemical action, 

409 

of, by conducting wire, ’473 

direction of, above and below a 

conducting wire, 408 

variations of the, 261 

northern and southern polarity, 

264 

polarity, 12, 255 to 266 

poles of the earth, 261 

spiral, 477 

Magnetical and electrical induoiiou com- 
pared, 256 
Magnetism, 254 

conferred upon steel, 258 

derivation of the term, 1 1 

force of, impaii’ed by heat, 263 
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Magnetism, generated by chemical ac- I 
tion, 407 I 

hypothesis concerning, 264, 485 

impaired by a fall or friction, 263 

induced, of iron, 256 

— influence of heat on, 263 

iron shows no signs of, at a white 

heat, 264 

motion of, produces electricity, 489 

nickel shows no signs of, at 630®, 

264 

susceptible of receiving, 263 

permanent, of steel, 258 

reception of, facilitated by vibra- 
tion, 263 

terrestrial, 261, 490 

Magneto-electric action, is the converse 
of electro-magnetic action, 489 

machine, 489, 491 

induction, 488 

shock, 492, 494 

Magneto-electricity, 486 ei scq. 

Magnets, construction of, 259 
Malleable iron, fibrous texture of, 77 

metals, square bars of, how aflcctcd 

by hammering, 78 
Malleability of solids, 46 
Ma-Eiotte’s ai)paratiis, 26, note 
Mason’s hygrometer, 138 
Matter, atoms of, 7 

different kinds of, 15 

divisibility of, 7 

first knowledge of, 5 

forces or powers of, 5 

ponderable, relation of light to, 150 

three forms of, 6 

ultimate constitution of, 6 

Maximum density of w'ater, 104, 116 
Measurement of crystals by gonionietei’S, 
72, 73 

of gases, 33 

Mechanical dissection of crystals, 74, 79 
force, 9 

properties of air, 26 et seq. 

Melloni, on the passage of r^iant heat 
through different translucent sub- 
stances, 189 

on i>olarization of heat, 195 

on radiating powers, 183 

on secondary radiation in nature, 

193 

on thermo-electricity, 470 

Melting ice, temperature of, 93 

points of metals, 99 

Membranous tubes, use of, in experi- 
inenta upon current affinity, 423, 
438 

Mercurial bath, construction of the, 33, 
note 

thezmometer, 93 


Mercury, adhesion of, to metals, 59 

amalgam of, w ith ammonium, 420 

capillary depression of, 54 

— cyanide of, 333 

employment of, as a thonnometric 

fluid, 93, 96 

freezing point of, 284 

vapour of^ at common tempera- 
tures, 133 

Metal, contraction of, during great de- 
grees of cold, 104 

enfilmed with gaseous matter, 56 

plate of, partially immersed in two 

liquids, becomes both generating 
and conducting, 417 

solution of a, 265 

surfaces, cast and polished, differ in 

i*adiating })owcrs, 183 
Metallic base of ammonia, 420 
coatings, use of], in electrical ar- 
rangements, 227 

constructions, ]»rovisions against the 

expansions of, 103 

couples, thcnno-electric powers of, 

469 

lustre, 284 

oxides, action of muriatic acid 

upon, 347 

hydrated, 342 

reduced l)y current affinity, 418 

phosphurt'ts, 377 

salts, atpieous solutions of, elcjctro- 

lized, 454 

j’eduetion of, hy cuiTent affinity, 

418 

reduction of, by light, 399 

surfaces, reflection of heat by, 181 

and non-metalHc elements, 284 

Metals, adhesion of, to the suriace of 
mercury, 61 

affinity of, for oxygen, 285 

cliemically distinguished, 285 

conduct heat, 107, and elect j*ici tv, 

285 

conge.aling points of, 122 

contact of two, in a dilute acid, 406 

crystalline texture of, developed by 

solvents, 76 

deflagration of, by voltaic electri- 
city, 461 

different plates of, acted upon by 

acids, 412 

disintegrated, acted upon by the 

atmosphere, 389 

dissimilar in their attraction for 

oxygen, by contact become electri- 
cal, 437 

ductile, 284 

earths of, 282 

electrical conduction of, 463 
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Metals, electrical excitation of, by mere 
contact, 437 

relations of, 437 

electricity developed by the con- 
tact of, 411 et seq» 

elementary nature of, 284 

enormous force of their expansion 

by heat, 103 

force of the expansion of, 103 

general characters of the, 285 

generating and conducting concen- 
tric spheres of, 423 et seq. 

heated, become electrical, 467 

by the conducting wire of a 

simple circuit, 407 

lieaviest and lightest, 285 

increasing dilatation of, by heat, 101 

malleable, 284 

sejuare bars of, how affected by 

hammering, 78 

— mechanical properties of, 284 

melting points of, 99 

oxides of, action of munatic acid 

upon, 347 

of, soluble in acids, 370 

protective influence of, 421 et seq. 

pyrophoric state of, 389 

resistance of, to the passage of elec- 
tricity, 232 

simple circuit formed by, 406 

solution of several in quicksilver, 

69 

theimo-electric, couples of, 

Meta-phosphoric acid, 380 
Methylene, 330 
^liner’s safety lamp, 325 
Mirrors for experiments on radiant heat, 
181 

^IiTSCHERLiCH, liis discovcry of the un- 
equal expansion and contraction of 
certain crystals by changes of tem- 
perature, 83 

his remarks on the atomic theory, 

507 

Mixture, examples of, 62 
Modem elements defined, 268 
Mohs, nomenclature of, in ciystallo- 
graphy, 85 
Moiree metalUqtie, 

Moisture, condensation of, upon a cold 
surface, 135 

correction of the volume of gases 

for, 141 

Molecular forces, 12 
Momentum, 9 

accumulation of, 20 

Mother of pearl, iridescence of, 165 
Motion, production and cessation of, 8 

■ velocity of, 9, 13 

Multiple proportions, 288 


Muriates and chlorides, 347 
Muriatic acid, 345 

action of, upon metallic oxides, 

347 

gas, solution of, in alcohol, 397 

strong adhesion of, to water 

and watery vapour, 62 
Muschembroek discovers the Leyden 
vial, 223 

Muscular force, 9 
Musical string, sound of a, 37 
tone produced by the flame of hy- 
drogen, 279 

Mutual action of electric and magnetic 
currents, 483 

Naphtha, sources, properties, and ele- 
ments of, 331 
Naphthalin, 331 

action of sulphuric acid on, 339 

Nascent state, affinities of gases in the, 
390 

Natural knowledge, foundation of, 1 
philosophy, 1 

Nature’s abhorrence of a vacuum, 30 
Navigation facilitated by polarized light, 

179 

Needles magnetized by electricity, 476 
Negative electricity, 200 
Neumakn, on atomic weights and spe- 
cific heats, 51 1 
Neutralization, 302 

Newton’s, Sir Isaac, experiments on 
coloured rings of light, 165 

refractive powers, 155 

thermometers, 93 

Nickel, dissection of, by nitric acid, 70 

magnetism of, 263 

Niepsce, on heliographic drawings, 400 
Nitrate of ammonia, decomposition of, 
290, 303 et seq. 

— — elements of, 303 et seq. 

— protoxide of nitrogen ob- 
tained from, 290 

lime, decomposed by carbonate 

of ammonia, 307 

silver, decomposed by solar 

light, 400 

Nitre, decomposition of, by sulphuric 
acid, 289 

natural sources of, 289, 392 

separation of, by crystallization, 

from glauber salts, 70 
Nitric acid, aqueous solution of, 297 

deoxidation of, 290, 292 

— dilute action of, upon zinc, 290 

elements of, 289, 296 

— ■ oxidating agency of, 297 

— prevents the evolution of hydro- 
gen in galvanic orrang^enti^ 414 
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Nitric acid produced by electric sparks 
in air, 289 

•— — production from nitre, 289 

— — solution of, in alcohol, 397 
Nitrogen, 268 

bi-carburet of, 334 

combination of, with carbon, 332, 

335 

— — with chlorine, 352 

hydrogen, 299, 301 

iodine, 361 

oxygen, 289, 298 

phosphorus, 383 

Nitrous acid, 295 

— — vapour, analysis of light trans- 
mitted through, 357 

NUrum flammansy 290 
Nob XL I, on thermo-electricity, 469 
Nodal lines on vibrating suifaces, 38, 
and note 

Nomenclature, chemical, principles of, 
294, 309 

new, in crystallography, 85 

Non-luminous bodies, 146 
Non-metallic elements, 343 
Notation, chemical, 309 
Notion of force, 8 
Nuclei of crystals, 69 

Oblate spheroidical particles, rhombo- 
hedron and six-sided prism formed 
of, 83 

Ocean, currents in the, 115 

inexhaustible store of heat in the, 

116 

phosphorescence of the, 403 

Octohedral octohedron, 81 

tetrahedron, 81 

Octohedron formed of spheres, 82 

of tetrahedral and octohedral 

particles, 81 

(Ersted, his apparatus for the com- 
pression of liquids, 47 

— •— discovery of electro-magnetism, 
473 

Ohm's formula for ascertaining the cur- 
rent action of any voltaic circuit, 
465 

Oil-gas liquor, 326 
Oil, mixture of, with water, 62 
—• of cassia, high dispersive power of, 
159 

vitriol, 367 

— — — distillation of, 124 
— - — wine, 340 
Olefiant gas, 319, 354 

and chlorine, mutual action of, 

354 

Opaque bodies, 150 , . 


Opposing affinities of zinc and platinum 
suriaces, 426 

affinity, 414, 427 

Optical toys, 147 
Optics, science of, 146 
Ordinary ray of light, 169 
Organic analysis, 316 

bodies, decomposition of, 316 

chemistry, 316 

matters, phosphorescence of, 403 

Origin of the force in the voltaic pile, 
438 

Oscillations of a solid body, 38 

of. the boi’ometer, 139 

and vibrations, effects of, 39 

Otto de Guericke, on electrical light, 
205 

Oxalic acid, 314 

decomposition of, 314 

solution of, in alcohol, 397 

ether, 341 

Oxalis acetosellay 315 
Oxidating agency of nitric acid, 297 
Oxide of ammonium, 420 
carbon, 313 

iron, its formation by steam, and 

its reduction by hydrogen, 396 

phosphorus, 378 

zinc, formation of, in simple cir- 
cuits, 416 

Oxides, designation of, 294 
metallic, reduced by current affi- 
nity, 418 

nomenclature regarding, 294 

reduction of, 282 

result from combustions in oxygen, 

271 

Oxygen, 269 

absorption of, by melted silver, 

420 

acids, alkalies, and oxides, produced 

by combustion in, 271 

affinity of metals for, 285, 437 

an element of the atmosphere, 

268 

apparatus for the collection of, 270 

— combination of, with boron, 387 

with bromine, 358 

carbon, 312 et seq, 

^ chlorine, 349 

cyanogen, 337, 398 

hydrogen, 279, 390 

iodine, 361 

nitrogen,' 289 

— phosphorus, 377 j 

selenium, 373 

silicon, 384 

— — — sulphur, 366 

— enacts the part of a supporter of 
combustion, and a combustible, 279 
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Oxygen, evolution of, with hydrogen in 
the voltanioter, 434 

products of combustion in, 271 

Oxy-hydrogen flame, intense heat of, 281 
Oyster-shells, calcined, phosphorescence 
of, 403 

Papeh prepared for heliographic draw- 
ings, 401 

Papin’s digester, 128 

Para-cyanogen, 334 

Pelltieu, on electro-theiinancy, 472 

Pencil of rays, 149 

Pendulum, length of the, 19 

oscillations of the, 19 

Per-chloric acid, 362 
Per-chloride of carbon, 354 

idiosphovus, 382 

Per-oxide of clilorine, 352 

hydrogen, 311 

Per-oxides, action of muriatic acid upon, 
348 

Plieiioinena, observation of, 1 
Plilogistic theory, 283 
Phlogiston, 283 
Phosgene gas, 401 
Phosphites, 378 

Phosidiorescencc, phenomena of, 402 
Phosphon, 403 
Phosphoric acid, 375, 379 
Phosj)horous acid, 377 
I’hosphorus, 375 
ac'ids of, 377 ct seq. 

— combination of, witli chlorine, 382 

>vitli hydrogen, 381 

nitrogen, 383 

oxygen, 377 

combustion of, in air, 207 

oxygen, 271 

oxide of, 378 

])er-chloride of, 382 

sesqui-chloride of, 382 

slow and rapid combustion of, 398 

Phosphiiret of barium, 378 

of calcium, 381 

of nitrogen, 383 

Pliospliurets, 377 
Pliosphuretted hydrogen gas, 381 
Photometers, 151 
Photometry, 151 

Pliysical investigations, safe guide in, 1 

sciences, connexion of the, 518 

Pile of V olta, 436 
Pipes for hot water or steam, 186 
Plane surfaces, reflection of light from, 
152 f 

Plants aflected by light, 402 
Plate electrical machine, 207 

— glass, cohesion of smooth smfaces 
of, 12 


Plates^^ dissimilar metallic, contact of, in 
dilute acids, 406 

generating and conducting, relative 

size and position of, 421 
Platinode and ziucode, 445 
Platinum, adhesion of, to mercury, 59 
balls, 391 

clean surface of, induces the union 

of oxygen and hydrogen, 390 

combination of, with tin, does not 

affect the galvanometer, 417 
density of, 285 

induces the combination of gases, 

391 

emi>loymeiit of, in the register py- 
rometer, 98 

plate, copper precipitated upon, by 

current affinity, 421 

powder, used to convert alcohol 

into acetic acid, 391 

precipitated, 391 

Plummet, its deviation from the perpen- 
dicular, 17 

Points of rest in vibrating bodies, 38, 
and note 

Polar armngements in electrical experi- 
inoiits, 226 

electrical states, 210 

forces, 12 

Polarity, magnetic, 12 

of electrolytes, 440 

of the voltaic arrangement, 443 

Polarization, coloured, of light, 175 

of heat, 195 

light, 170 

sound , 172 

Polarized light, application of, to useful 
purposes, 179 
Polarizing tube, 178 
Poles of the earth, 12 

of the magnet, 255 

Polyhedral atonib, 79 

Ponderable matter, heaviest form of, 285 

lightest form of, 279 

relation of light to, 150 

Porosity, 7 

Porous solids, absori)tion of gaseous mat- 
ter by, 67 

bodies, induce the union of gases, 

392 

Positive electricity, 200 
Potashes, 281 
Potassa, 281 

bromate of, 356 

chlorate of^ 269, 361 

cyaiiate of, 338 

decomposition of, by iron, at a high 

temperature, 288 

ferro-cyanate of, 333 

hydrate of, 342 



INDEX. 


559 


Potassium, 282 

apparatus for its evolution, 282 

bromide of, 356 

combustion of,*in oxygen, 269, 271 

decomposition of water by, 276 

— selenuret of, 374 
— ^ sulphuret of, 366 
PouiLLET, on electrical conducting 
power of solutions, 464 

on thermo-electricity, 471 

Power of voltaic batteries, liow sustained, 
438 

Powers of nature, 1 

Precipitated copper, diftusion of, 424 

platinum, 391 

Precipitation, 67 
Pressure, 9 

of atmosphere upon the human 

body, 36 

of fluids, 41 

of sand, 43 

PniESTLEY discovers oxygen, 269 

protoxide of nitrogen, 292 

Primary coils, 495 

and secondary character of decom- 
positions by electro-chemical action, 
454 

Primitive form of calcareous spar, 74 

of crystals, 71 

fluor spar, 76, 80 

Prism, six-sided, formed of oblate sphe- 
roidical particles, 83 

Prismatic colours, rotating wheel of, 159 

spectrum, colours of the, 158, 166 

refrangibility of the rays of, 158 

system of crystals, 85 

Prisms, 157 

hollow, filled with different liquids, 

188 

Progi'cssivc dilatation of solids by heat, 
101 

specific heat, 119 

Projectile forces, 10 

IVotective influence of metals, extent of, 

421 et seq. 

Protectors for copper sheathing of ships, 

422 

Proto-carbnret of nitrogen, 335 
Proto-chloride of carbon, 356 
Protoxide of nitrogen, 290 
Pi-otoxides, action of muriatic acid upon, 
347 

Proximate principles, 302 
Prussian blue, 333 
Prussic acid, 336 

Pure zinc, action of diluted sulphuric 
acid upon, 415 

Pyramidal system of crystals, 85 
Pyrometers, 97 
Pyrometric sedes, 100 


Pyrophoric state of metals, 389 
Pyrophosphoric acid, 300 
Pyroxilic spirit, 330 

Quadbant electrometer, 225 
Quadri-hydro carbon, 328 

forms a compound with chlorine, 

355 

Qualitative analysis of the classical ele- 
ments, 285 

Quantitative relations of the components 
of the classical elements, 285 
Quicksilver, action of, upon square bai'S 
of tin, 78 

Radiant heat, 146, 180 

— - decreases as the square of the 

distance from the source of the 
rays, 181 

mirrors for experiments on, 101 

— passage of through translucent 

substances, 189 

sei>aratod from light, 195 

true glass of, 192 

Radiation of cast and polished silver, 184 

of cold, 186 

of heat, 145, 180 

by polished and cast metal 

suifacos, 183 

in vacuo, 187 

in nature, importance of, 186 

of light, 161 

Radiating powers of bodies for heat, 183 
Radicals, meaning of the term, 342 
Radius of the earth, 20 
Rato of evaporation, 134 
Ratio of scales of thermometers to each 
other, 95 
Ray of light, 149 
Rays of heat, 180, 193 
pencil of, 149 

refrangibility of, in the spectrum, 158 

solar, examined by tlie prism, 167, 

188 

Re au M u B ’ s thermometer, 94 
Reduction of metallic salts by current 
. affinity, 418 

of oxides, 282 

Reflection of light, 151 

polarization by, 171, 173 

Refraction, double, of Iceland spar, 168 

index of, determined, 155 

of heat, 188 

I of light, 151 

Refractive powers of solids, liquids, 
gases, and vapours, 1 66 
Refrangibility of the rays of the spec- 
trum, 168 

Refrigeration increases the power of a 
magnet, 263 
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Register pp’ometer, 98 

Relative distances of atoms, 507 ct seq. 

Repulsion, 10 

of aerial molecules by heat, 14 

Repulsive force of heat, 14, 89 
Residual charge of electricity, 230 
Resinous electricity, 198, 437 
Retarding cells in the dissected battery, 
433 

Reversing jdates in the dissected battery, 
effects of, 433 

Rhombic dodecahedron formed from 
cubical particles, 80 
Rhombohedral system of crystals, 85 
Rhombohedron, formed of oblate sphe- 
roidical particles, 83 

Rich MAN killed by atmospheric elec- 
tricity, 260 

Ritchie, his experiments on the rela- 
tion of the powers of reflection, 
absorption, and radiation of heat, 184 

his galvanometer, 410 

Rock crystal, 385 

salt, constant diathermancy of, 191 

lenses and prisms of, 192 

Aguiar diathermancy of, 190 

Rocks split by capillary action, 60 
Rolling of thunder, 251 
Rosin, precipitation of, from its solution 
in spirit of wine by water, 07 
Rotation, electro-magnetic, 478 

of circular plates, 480 

of voltaic flame, 481 

Rumford, his mode of comparing two 
sources of illumination, 151 

his experiments on fnetion, 87 

Rupert’s drop, philosophy of the play- 
thing so named, 14 

Rupture of vessels, by the freezing of 
water, 51 

Rutherford discovers nitrogen, 268 

Safety lamp, 325 
Sal-ammoniac, nature of, 300 
Saline bodies produced by the concur- 
rence of the force of adhesion with 
aflinity, 392 

Salts, action of acids upon, 393 

decomposition of, in illustration of 

the play of concurrent forces of 
affinity, 393 et seq, 

— compound solutions of, adjustment 
of concurrent forces in, 394 

crystallization of, C8 

efflorescent, 342 

forms of crystals of, 68 

metallic, reduction of, by liglit, 399 

— ^ separation of, by crystallization, 70 
—— water of crystallization of, 342 
Sanctorio's thermometer, 91 


Sand, a bad conductor of heat, 108 

flowing and pressure of, 43 

regular figures produced by, on a vi- 
brating plate of glass, 38 and note 
Saturated solutions, 60 
Saturation, 60 

of water with the more soltJble 

gases, 346 

Saxton’s magneto-electric machine, 492 
Scales of thermometers, 94 

ratio of, to each other, 95 

Science, abstract and natural, difference 
between, 1 
advance of, 1 

perfection of, upon what dependent, 

90 

preparation for the study of, 1 

two things requisite to the forma- 
tion of, 3 

unity of, 619 

Score SB Y, on the formation of magnets, 
250 

Sea, refracted and reflected light of the, 
179 

water, action of, upon the copper 

sheathing of ships, 422 
phosphorescence of, 403 

— spontaneous evaporation of, 134 

weeds, ashes of, 281 

Sealing-wax, electricity of, 197 
Secondary affinity, 396 

combination, 302 

affinity of, tlirown into circula- 
tion, 417 

fonns of crystals, 71, 79 

radiation of heat, 193 

of light, 153 

results of electrolysis, 454 et seq. 

See BECK, on Ithe deduction of metallic 
salts by light, 399 

I on theimo-electricity, 467 

on the solar spectrum, 188 

Seleniate of zinc, change of its crystals 
by sun-light, 86 
Seleuic acid, 373 
Selenious acid, 373 
Selenium, 372 

— combinations of, with hydrogen, 374 

with oxygen, 373 

Selcnuret of potassium, 374 
Selonuretted hydrogen, 375 
Self-induction of conducting wire, 494 
Self-luminous bodies, 146 

Sensation of licat and cold, 88 
Sejiaration of liquids from each other 
by filtration, 66 

Sesqui-chloride of phosphorus, 382 
Shadows of opaque bodies, 160 

relative darkness of, 161 

Shells, gorgeous colours of, 165 
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Shell-lac, an excellent insulator, 220, 231 
8hix)s, copper sheathing of, protected 
from corrosion, 422 
Shock, electric, 223, 600 

magneto-electric, 492, 494 

torpedo and gymnotus, 497 ct seq. 

Sikes's hydrometer, 24, note 
Silica, 384 
Silicon, 383 

combinations of, with chlorine, 385 

with fluorine, 386 

with oxygen, 384 

Silver, chloride of, decomposed by solar 
light, 400 et seq. 

fused, absorbs oxygen, 420 

nitrate of, decomposed by solar 

light, 400 

radiating power of polished and 

cast, 183 

Simple circuit, 406 

activity of its conducting wire, 

407 

conditions for the formation of, 

406 

Singer’s gold-leaf electrometer, 204 
Sling, power of the, 9, 10 
Slow combustion, arrangements for ef- 
fecting, 324 

Snow, thawing of, near the trunks of 
trees, 193 
Soda, 281 
Soda-water, 61 

Soils, formation of nitre upon, 392 
Solar heat, absorption of, in passing 
through air, 187 

reception of, affected by colour, 

187 

light, 146 

reduction of metallic salts by, 399 

phosphoid, 403 

ray examined by the prism, 157, 188 

rays, heat .of, separated from light, 

195 

spectrum, black bands contained in 

tlie, 160 

cliemical rays of, 402 

lieat of the, depends upon the 

prism, 188 

jdienomena of the, 157, 159 

and terrestrial heat, resemblance 

of, 193 

Solid metals are the best conductors of 
heat, 107 

liquid and aeriform states, familiar 

illustration of, 40 

Solidification, evolution of heat by, 123 
Solid conduction, 462 

matter present in flame, evolVes 

light, 189, 323 
Solids, cohesion of, 12 


Solids, how recovered from solution in 
water, 68 

linear dilatation of, by heat, 90 

properties of, 45 

refractive powers of, 166 

slowly changing their internal struc- 
ture, 86 

solution of, in liquids, 59 

table of the force of cohesion of, 40 

Solubility of bodies influenced by tem- 
perature, 60 

Solution, energy of the force of, 60 

generally aided by heat, remarkable 

exceptions to this law, 61 

of gases in water, 61 

of solids in liquids, 69 

of some metals in quicksilver, 69 

of sugar in water, 60 

j)romoted by diminishing cohesion, 

60 

and mixture, as instances of the 

force of adhesion, 69 
Solutions concentrated by cold, 68 

electrical conducting ])ower of, 464 

of salts, adjustment of concurrent 

forces in, 394 

mixture of, 394^ 

Solvents, action of, upon solids, 60 

natm’e of, how influenced, 397 

Sound, beats of, 165 

phenomena of, 36 

polarization of, 172 

produced by the combustion of hy- 
drogen, 279 

progress of, in a second of time, 

150 

velocity of, compared wdth that of 

light, 250 

vibrations of, 149 

Sounding-boards, 37 
Southwark biTdge, expansion of, 104 
Specific electric induction, 228 
gravity, 21 

affected by temperature, 105 

gi’avities, table of, 30 

heat, 117 

of atoms, 510 et seq. 

heats and atomic weights, corres- 
pondence of, 610 • 

inductive capacities, 229 

insulating ]^owor of gas, 237 

Spectra, from artificial lights, examined, 
161 

Spectrum, 161 

chemical rays of, 402 

colours of the, 166 

lines in the, 296, 357, 369 

Spherical atoms, 82 

theory of, in crystallization, 82 

particles, tetrahedron, octohedron, 

2o 
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acute rhombohedron^ and cube 
formed of, 82 

Spherical surfaces, precipitation of me- 
tallic copper upon, 423 et seq. 
Spheroidal atoms, 506 
Spirit thermometer, 93, 96 
Spirits, specific gravity of, at 62“, 105 

temperature at which the specific 

gravity of, is determined, 105 
Spirituous liquors concentrated bycold,68 
Spongy platinum, action of, on oxygen 
and hydrogen, and other gases, 390 
Spontaneous evaporation, 133 

ignition in chlorine, 344 

inflammability of phosphuretted hy- 
drogen, 381 

Square bars of malleable metals, how 
affected by hammering, 78 
Stahl, on combustion, 283 
Standard measure, 20 

of specific gravity, 22 

weights and measures are adjusted 

at62“, 105 

Starch combines with iodine, 369 
Steam, advantfiges of, as a generator of 
tee, 131 

IRisity of, 130 

elastic force of, 44 

engine, principle of the, 132 

force and temperature of, 128 

weight of, at different tem- 
peratures, 133 

high pressure, 127 

sudden oscai)e of, 132 

increases the power of the constant 

battery, 439 

latent heat of, 129, 130 

weight of a cubic foot of, 133 

Steel bars, how magnetized, 258 

saturated with magnetism, 258 

combustion of, 87 

Stoves highly heated, 110 
Strength of bodies affected by vibration, 
39 

of materials, table of the, 40 

Structure, internal, slow change of, in 
solids, 86 

Sub-carburetted hydrogen, 320 
Sucking pump, construction of the, 30, 
note. 

Sugar-candy, 68 

Sugar, conversion of, into alcohol, by 
yeast, 392 

equivalent constitution of, 316 

mixtures of, detected by polarized 

light, 179 

production of, from lignin, 329 

solution of, in water, 60 

varieties of, tested by polarization, 

179 


Sulpliate of ammonia upon windows, 392 

of copper, a perfectly athermanous 

substance, 190 

precipitation of, from its aque- 
ous solution by oil of vitriol, 67 

flge of, in simple circles, 415 

of nickel, change of its crystals by 

sun-light, 86 

of potash and copper, irregularity 

of its contraction in cooling from 
fusion, 84 

of soda, instantaneous crystalliza- 
tion of its saturated solution, 69 

of zinc, change of its crystals by 

sun-light, 86 

Sulpho naphthalic acid, 339 
Bulpho-vinate of baiyta and lead, 341 
Sulpho-vinic acid, 340 
Sulphur, 364 

combinations of, with carbon, 371 

with chlorine, 372 

hydrogen, ‘SOS 

oxygen, 366 

combustion of, in air or oxygen, 

forms sulphurous acid, 366 

with nitre foims sulphuric 

acid> 368 

crystallization of, 85 

crystallized, 50 

electricity of, 247, 248 

Sulphuret of carbon, contractions of, 509 

of potassium, a source of bi-sulphu- 

retted hydrogen, 366 
of silver an intermediate link be- 
tween electrolytes and conductors, 
462 

Sulphurets, 365 

Sulphuretted hydrogen gas, 365 

abstracted from water by 

charcoal, 67 
Sulphuj’ic acid, 368 

action of, on alcohol, 318, 320, 

339 

on hydro-carbons, 339 ' 

on naphthalin, 339 

anhydrous, 368 

aquco, 368 

attraction of, for water, 368 

diluted, action of, upon amalga- 
mated zinc, 404 

upon pure zinc, 416 

employed in the voltameter, 

434 

dispersive powers of, 169 

mixture of, with water, 62 

production of, by the combustion 

of sulphur and nitre, 368 

by the distillation of green 

vitriol, 367 

Sulphurous acid gas, 367 
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SvLZER, on the taate produced by the 
contact of metals, 412 
Sun, light and heat of the, 86 
Sun-light affects the structure of crystal- 
line bodies, 86 

Surface, charge of electricity upon, 208, 
215 

influence of, upon absorption of ra- 
diant heat, 182 

upon current affinity, 421 ei 

seq. 

generating and conducting, 422 

Symbols used in the atomic theory, 505 

for illustrating definite proportions, 

287 

Symmer, on electricity, 199 
Synthesis, 272 
of water, 279 

Synthetic powers of art, limits to the, 286 
Systems of crystals, 85 

Table for collecting or transferring 
gases, 29, note. 

Tactile property of the skin, 5 
Talbot, on heliographic drawings, 400 
Tangential direction of forces, 482 
Tartaric acid, solution ot^ in alcohol, 397 
Taylor’s test of the accuracy of the 
thermometer, 96 

Temperature, change of, affects th^^ 
power of a battery, 439 , 

depression of, at great heights, 120 

equilibrum of, brought about by 

radiation, 185 

fixed, of melting ice and boiling 

water, 93 

influences solution, 60 

Terminal inductric and inducteous sur- 
faces, 442 

Terrestrial heat, absorption of, by sur- 
faces, 187 

a^ogy of, to solar heat, 193 

magnetism, 261, 490 

principal efifects of imitated, 485 

Tessular system of crystals, 85 
Test of the goodness of a thermometer, 
96 

Tetrahedral octohedron, 81 

tetrahedron, 81 

Tetrahedron formed with spherical par- 
ticles, 82 

with tetrahedral and octohedral 

particles, 81 
Thawing, 123 

of snow near the trunks of trees, 

193 

Theories of crystallization, 79, 82 

of light, 148 

Thermo-electric batteries, 470 
combinations, 469 


Thermo-electric couples, 468 

current, 470 

Thermo-electricity, 467 
Thermometer, 91 

accessible heights measured by, 126 

accuracy of, tested, 96 

degrees of, 94 

deUcacy of, 96 

differential, 92 

graduation of, 93 

improvement of, 93 

liquids used in filling, 93, 96 

mercurial, 93, 96 

metallic, 97 

ratio of the scales of, 95 

scales, viz. the Centigrade, or Cel- 
sius’s, De Lisle’s, Fahrenheit’s, and 
Reaumur’s, 94 

spirit, 93, 96 

Thermoscope, 190, 194 
Thilorier, on liquid carbonic acid, 143 
Thousand-gi'ain bottle, 22 
Thunder and lightning, phenomena of, 
249 

Time, an important element in the action 
of force, 13 ^ 

Tin, action of quicksilver upoiHsquare 
bars of, 77 
Tincal, 387 

Tinder, a form of charcoal, 275 
Torpedo, electricity of the, 496 
Torsion electrometer, 204 

galvanometer, 410 

Touch, delicate sense of, 5 
Tourmaline becomes electrical by heat, 
247 

polarization of light by, 170 

singular optical properties of, 170 

Trade winds, 114 

Transfer of elements in galvanic arrange- 
ments, 413 

of substances during electrolysis, 

453 

Transition point of liqdtds and vapours, 
144 

Translucent substances, passage of ra- 
diant heat through, 189 
Transparent bodies, 150 
Trees, thawing of snow near the trunks 
of, 193 

Trough, voltaic, 436 
True glass of radiant heat, 192 
Tubes burst during the absorption of 
water by dry wooden plugs, 56 
membranous, employed in experi- 
ments upon current affinity, 423,438 
Tuning-fork, vibrations of the, 36, note. 

Ultimate atoms and constitution of 
matter, 6 
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Undiilatioxxs of the otherial medium, 148 
Uniaxal crystals, 85 
Unit jar, 225 
Unity of science, 519 
Ure, on latent heat of vapours, 131 
Urea influences the crystalline form of 
common salt, 70 

Vacuo, fall of bodies in, 17 

radiation in, 187 

Vaporization, 44 

increase of volume from, 131 

Vapour, aqueous, force of, and rate of, 
its evaporation per minute, 134 
Vapours, conductors of heat, 110 

bromine, iodine, and nitrous acid, 

analysis of light which has been 
transmitted through, 359 

depression of the barometric column 

by, 133 

escape of, into the atmosphere, 132 

latent heat of, 131 

produced at common temperatures, 

133 

proposed substitution of several for 

steam, 132 

reactive powers of, 156 

and gases, 48 

Variation and dip of the magnetic 
needle, 261 
Varieties of force, 10 
Vegetable matter, elements of, 316 
Vegetables growing, decompose carbonic 
acid, 275 

Vegetation influenced by light, 402 
Velocity of air rushing into a vacuum, 66 

of light, 150 

of sound, 250 

of lightning compared with that of 

sound, 250 

of motion, 9, 13 

of sound in different media, 37 

of spark discharge, 236 

Ventilation, hinft respecting, 113 
Vibrating rods become elongated, 39 
Vibration facilitates the reception of 
magnetism, 263 

of glass plates, 38 and iwte. 

Vibrations of light and sound, 148 
Vinegar, change of alcohol into, 318, 391 
Viscosity of liquids, 48 
Vision, 147 

Visual impressions, retention of, 147 
Vital air, 269 

Vitreous electricity, 198, 437 
Volta, his splendid instrument of ex- 
perimental research, 435 

his theory of the pile, 437 

Volta-electric induction, 487 
Voltaic batteries, 436 


Voltaic batteries, excitation and duration 
of, 438 

battery, disruptive discharge of, 460 

origin of foj ce in the, 438 

combinations, formula for ascer- 
taining current action of, 465 

compositions and decompositions,41 8 

electricity compared with 'machine 

elcKjtricity, 460 
flame, 461 

appearance of, in air and in va- 
cuo, 461 

rotation of, 481 

pile, 435 

Voltameters, 434 

Volume corrected for moisture, 141 

for pressure, 32 

temperature, 105 

increase of, from vaporization, 131 

Volumes, laws of combination of, 287 

Wall, on the identity of lightning with 
electricity, 249 
Walsh, on the tori)edo, 497 
Water, 276 

action of, upon pulverized glass, 60 

action of, upon zinc, 404 

aeration of, a most important pro- 
cess in nature, 59 

— — analysis of, by various methods, 276 
et seq, 

anomalous expansion of, 104, 115 

bad conductor of heat, 108 

boiled by heat evolved during pow- 
erful friction of metal surfaces, 88 

boiling, temperature of, 93 

compressibility of, 47 

constitution of, proved by analysis, 

276 

by synthesis, 279 

conversion of, into steam, 128 

decomposed by constant battery, 439 

contact of metals, 406 

decomposition of, by various me- 
thods, 276 et seq. 

necessary to current affinity, 

416 

definite combinations of, 342 

ebullition of, at atmospheric tem- 
perature under reduced pressure, 59 

escape of, from crystals, 342 

evaporation and freezing of, excites 

electricity, 248 

expansive force of, in its passage 

into ice, 60 

freed from air, 59 

heated by currents, 112, 116 

maximum density of, 104, 115 

mixes with many liquids in the most 

perfect manner, 62 
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Water of composition, 842 

of crystallization, 342 

passage of, through animal mem- 
brane, 68 

presence of, in the atmosphere, 

276 

recently boiled, absorbs air, 59 

refractive power of, 1 55 

saline matter in, affects both the 

freezing point and point of maxi- 
mum density, 1 1 6 

saturated with a salt, 60 

saturation of, with the more soluble 

gases, 346 

solution of gases in, 61 

vapour of, passed over hot iron, 396 

warm, transported by the gulf- 

stream, 115 

weight of tlie imperial gallon of, 20 

wets magnesia readily, but not iron. 

Water-bath, for collecting or transferring 
gases, 29, note, 

battery, 442 

falls, foam and spray of, 59 

liammer, 6 

pump, construction of the, 30, note. 

Watt, on steam, 131 
Waves, formation of, 148 
Wedgwood, his plan for copying paint- 
ings on glass, 400 

his pyrometer, 97 

Weight, 9 

definition of, 17 

of air, 29 

an object affected by altitude, 21 

opposed to elasticity, 10 

Weiss, on crystallography, 85 
Welding of platinum to glass, 57 
Well’s explanation of the formation of 
dew, 186 

Wetting of clean surfaces, 51 
Wheatstone, on the instantaneity of 
the electric discharge, 236 
on the polarization of sound, 173 


Wheel barometer, construction of the, 
31, note. 

White light, composition of, 159 
Wicks of lamps and candles, theory of 
the action of, 55 

Windows, sulphate of ammonia upon, 
392 

Wire of a battery, rotation of, about a 
magnet, 479 

drawing, 79 

gauze arrests flame, 325 

Wollaston, his battery plates, 437 

his cryophorus, 125 

reflecting goniometer, 73 

theory of spherical atoms, 82 

Wood, by friction, evolves heat, 87 
ashes, 281 

Wooden wedges, employed for splitting 
rocks, 56 

Woody fibre, or lignin, sugar produced 
from, 329 

Yeast, 317 

induces the formation of alcohol 

from sugar, 392 

Young, on the escape of vapours into 
the atmosphere, 132 

Zero of thermometers, 95 

Zig-zag path of a flash of lightning, 251 

Zinc, action of dilute nitric acid on, 290 

heat, air, water, and acids 

upon, 404 

affinity of, for chlorine, 416 

decomposition of water by, 277 

and platinum plates, action of dilute 

acids upon, 412 

employment of, in simple circles of 

current affinity, 404 

prevents corrosion of copper sheath- 
ing of ships, 422 

pure, and common, action of diluted 

sulphuric acid upon, 416 
Zincode and platinode, 445 
Zirconium, crystals of, 419 


THE END. 
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BOOKS PUBLISHED BY JOHN W. PAEKER, 


A MANUAL OF CHEMISTRY, by W. T. BRANDE, F.R.S., 

Prof. Chem. R.L, and of Her Majesty’s Mint. 30 a 

Althouoh Three Editions of the Manual of Chemistry hare already appeared, the present may be con- 
sidered as a now work. It has been almost wholly re-writ everything new and important in the Scienoe, 
both in English and Foreign Works, has been embodied; and it abounds in references to Authoritiea 

LECTURES on ASTRONOMY, delivered at KING’S COLLEGE, 

London, by the Rev. HENRY MOSELEY, M. A., Professor of Natural PhUosophy 
and Astronomy in that Institution. With numerous Illustrations. (is. 6d. 


MECHANICS APPLIED TO THE ARTS. By PROFESSOR 

MOSELEY, of King’s College, London. A New Edition, corrected and improved. 
With numerous Engravings. 6 a 6d, 

OUTLINES OF GENERAL PATHOLOGY. By GEORGE 

FRECKLETON, JVf.D., Cantab., Fellow of the Royal Coll, of Physicians. 78, 


THE STUDENT’S MANUAL OF NATURAL PHILOSOPHY; 

comprising Descriptions, Popular and Practical, of the most important Philosophical 
Instruments, their History, Nature and Uses ; with complete elucidations of the 
Sciences to which they respectively appertain. Dedicated, by permission, to the 
Lord Bishop of Salisbury. By CHARLES TOMLINSON. \0$, 6d. 


READINGS in SCIENCE; familiar EXPLANATIONS of Appear- 

ances and Principles in NATURAL PHILOSOPHY. With many Engravings. 6a 


EASY LESSONS IN MECHANICS: with Familiar Illustrations of 

the Practical Application of Mechanical Principles. 3^. 

MINERALS AND METALS ; their Natural History and Uses in 

the Arts ; with Accounts of Mines and Mining. Engravings, 2«. 6d. 

Familiar as we are, from onr earliest years, with the various articles manufactured from the Metals, for 
purposes of use and comfort, the nature and properties of the metals themselves, and the means by which 
they are obtained, are comparatively little known. 


OUTLINES of ASTRONOMY. By the Rev. T. G. HALL,M.A., 

Professor of Mathematics, King’s College, London. With Cuts. lOdi 


The ELEMENTS of BOTANY. With many Engravings. New 

Edition, Enlarged and Improved. 2a 

Thr principles of this beautiful and important science are explained in a clear and simple manner, so as to 
render the acquisition of them comparatively easy, and the examples, wlien possible, are selected from our 
own wild flowers, or from those cultivated in all gardens or fields. 


THE ELEMENTS of POLITICAL ECONOMY, abridged from 

the Principles of Political Econmny by Professor WAYLAND, D.D. 2«. 6</. 




NEW BOOKS. 


THE FIGURES of EUCLID; with Questions, and a Praxis of 

Greometrical Exercises. By the Bev. J. EDWARDS, King’s Coll, London, 3«, 


A COMPANION to EUCLID; being a Help to the Understanding 
and Remembering of the First Four Books ; with a set of Improved Figures, and 
an Original Demonstration of the Proposition called the Twelfth Axiom. 4s. 


THE MECHANICAL EUCLID. By the Rev. WILLIAM 

WHEWELL, B.D., Fellow and Tutor of Trin. Coll. Cambridge. 6s, 6d, 


THE DOCTRINE OF LIMITS, with its Applications; namely, 
The First Three Sections of Newton—Conic Sections — The Differential Calculuh’. 
By the Rev. WILLIAM WHEWELL, B.D., &c. 9^. 


The PRINCIPLES and PRACTICE of ARITHMETIC ; com- 
prising the Nature and Use of Logarithms, with the Computations employed by 
Artificers, Gaugers, and Land-Surveyors. By the Rev. JOHN HIND, M.A., of 
Sidney-Sussex College, Cambridge. ^8, €d. 


AN ELEMENTARY TREATISE on the DIFFERENTIAL and 
INTEGRAL CALCULUS. By the Rev. T. G. HALL, M.A., Professor of Ma- 
thematics, King s College, London. 125. Gd. 

LECTURES upon TRIGONOMETRY, and the APPLICATION 

of ALGEBRA to GEOMETRY. Second Edition, corrected. Js, Gd, 


DYNAMICS, or a TREATISE on MOTION; to which is added, a 
SHORT TREATISE on ATTRACTIONS. By SAMUEL EARNSHAW, M.A., 
of St. John’s College, Cambridge. Octavo, with many Guts. 


THE NEW CRATYLUS; or, CONTRIBUTIONS towards a more 
ACCURATE KNOWLEDGE of the GREEK LANGUAGE. By JOHN 
WILLIAM DONALDSON, M.A., Fellow of Trinity College, Cambridge. 17.v, 


STEMMATA ATHENIENSIA; Tables of BIOGRAPHY, 

CHRONOLOGY, and HISTORY, to facilitate the Study of the Greek Classics. 5s, 


DISSERTATIONS ON THE EUMENIDES OF ^SCHYLUS, 

with the Greek Text, and Critical Remarks. From the German of MULLER. Gs. Gd. 


THE FROGS OF ARISTOPHANES, with ENGLISH NOTES, 

for the Use of Schools and Students. By the Rev. H. P. COOKESLEY. 7«. 


London: JOHN W. PARKER, Publisher, West Strand. 



Hins's (tolltBc. Eontion. 


CLASS OF 

CIVIL ENGINEERING AND MINING. 


The want of a system of education, suitable to young men intended 
for Mining pursuits, or about to enter the profession of Civil Engineers, 
has been generally admitted. The subject has, for a considerable time 
past, occupied the attention of the Council of King’s College, and they 
have at length arranged a plan, which they now present to the public, 
in the confident hope, that it will be found useful not only to this class 
of Students, but to others who wish to obtain a scientific education. 

The subjects of instruction will comprise Mathematics, Mechanics, 
Hydrostatics, and Hydrostatical Machines ; the Steam-Engine and its 
applications; theoretical and practical Chemistry; Metallurgy, Geology, 
and Mineralogy : the theory and practice of Mining ; the elementary 
properties of Matter, Sound, Light, Heat, and Electricity; Machine, 
drawing, practical Perspective, and Surveying! 

The complete Course of study will occupy from two to three years. 


The several Courses will annually be- 
gin on or about the 1st of October, and 
close on or about the 1st of July. 

The Fee is 31L 10«. for the whole year’s 
Course. 

In addition to the usual College Exa- 
minations, there will be, at the end of the 
Second and Third Years, Special Exami- 
nations in this department, for the pur- 


pose of granting Certificates of Honour 
to deserving Students. 

Those who go through the full Course 
of Three Years, and obtain Certificates 
of good conduct, will be admitted into the 
Class of “ King’s College Associates.” 

The Students in this Class are under 
the same Regulations as the regular 
Students in the Senior Department. 


It is hoped, that those who intend to enter the Civil Engineering and 
Mining Class, at King's College, will possess sufficient elementary 
knowledge to enable the Professors to carry them through the fol- 
lowing subjects in the course of the first year. 


MATHEMATICS. — Professor Hall, A. M. 


Plane Geometry, Algebra, Loga- 
rithms, Plane Trigonometry, and the 
principles of Land Surveying. 

Those who have already a competent 
knowledge of the first three articles, 
(which are absolutely indispensable to 


their progress in several branches of 
instruction,) will be taught the appli- 
cation of Algebra to Geometry, and the 
principles of the Differential and In- 
tegral Calculus. 
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king’s college, LONDON. 


NATURAL PHILOSOPHY.— PuoFEssoR Moseley, F. R. S. 

CLASS OP MECHANICS. 

and Dynamics^ having reference to the 
facts only of tliose Sciences, 

SscoNo Term. 

Elements of the Theory of Statics and 
Dynamics, and the Mechanical Powers. 

Third Term. 

Elements of the Theory of Hydro- 
statics, Hydro-dynamics, and Hydraulic 
Machines. 


CHEMISTRY. — Professor Daniell, F. R. S. 

It is intended that, in the First Year, The phenomena of Electricity and 
the Students shall attend an Elementary Magnetism will next be discussed. 
Course, in which a Preparatory View will Tha Force of Affinity y the Nature of 
be taken of the Forces which concur to the Different Species of Matter y simple and 
production of Chemical Phenomena. compound, the Laws of Composition and 
All endeavour will be made to syste- Decomposition, Definite, Multiple and 
matizc what the beginner already knows Equivalent Proportions, will be dwelt 
from common experience, and to lead him upon and illustrated at greater length, 
on to increase this knowledge gradually The Pupil will thus be prepared to 
by the results of experiment ; to teach enter upon the more complicated solu- 
him the Inductive Method of reasoning tions of Current Affinity, the Galvanic 
from Phenomena ; and to explain to him Circuit, the Voltaic Battery, the Laws 
the General Views and Theories of the of Electrolysis, and Thermo-Electricity. 
Science. This Course will conclude with a Ge- 

The Introductory Lectures will com- neral View of the phenomena of Electro- 
prise first notions of Matter and Force, Magnetism and Magneto-Electridty. 
and exemplifications of the action of dif- The display of these Forces in the grand 
ferent kinds of Force; then will follow operations of Nature, will form principal 
the Laws of Gravitation, Cohesion, Heat, objects of illustration, and particularly in 
Elasticity, Adhesion, Radiant Heat and the Constitution of the Atmosphere, the 
Light; so far as they are necessary for phenomena of Thunder and Lightning, 
the complete understanding of Chemical Winds, Rain, &c. 
phenomena. 

N. B. In the second year it is proposed that the Students shall attend a course of 
Practical Chemistry, in which the application of the Science to the Arts will be 
taught ; and the processes of the different Manufactures, of Metallurgy, and of 
Domestic Economy, will be explained and illustrated. 


The Courses of xnxtructxon and praxes 
Kiven in this Class during the first year 
will embrace the following subjects ; — 

First Term. 

(1.) A general and introductory dis- 
cussion of the Mechanical Properties of 
Matter, its Elementary Forces, and the 
various circumstances of its Extension, 
Compression, and Rupture. (2.) A ge- 
neral and introductory Course of Statics 
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king’s COLLEGB, LONDON. 
GEOMETRICAL DRAWING. — Mr. Bbadlet. 


1 . Explanation of the distinction between 

Geometrical Problems, theoretically 
considered ; and their practical ap- 
plication in drawing. 

2. Problems on straight lines, and plane 
' angles. 

Use of the Instruments used in Geo- 
metrical Drawing. 

4. Problems on plane figures, consisting 

of right lines, and the circle. 

5. Problems on the Curves occurring in 

drawing. 

Problems solved by means of the 
Compasses alone. 

7. General principles of Practical Geo- 

metry, of three dimensions. 

8, Problems on lines and planes referred 

to co-ordinate planes. 
i). Problems on the mutual intersections 
of solids of revolution, applicable 
to the construction of groins, bridges, 
&c. 

10. Problems on the dcvelopemcnt of so- 
lids and surfaces, applicable in ma- 
sonry, carpentry, &c. 

1 1. General principles on which the de- 
lineation of solids is effected on 
co-ordinate jdanes ; constituting 
Plans, Elevations, Sections, or Pro- 
files, and applied to machines, en- 
gines, bridges, locks, &c. 

12. General principles on wdiich the 
pictorial representation of certain 
forms is effected by the application 
of purely Geometrical principles. 
Limits of this application, distinc- 
tion between the picture of an Artist, 


and the perspective drawing of a 
Draughtsman, illustrated by an ex- 
planation -of some apparent para- 
doxes. 

13. Definitions of the accessory lines 
and planes required in drawing in 
perspective. 

14. Delineation of plane figures in per- 
spective. 

15. Delineations of solids bounded by 
planes: 

16. Modifications in the forms of objects 
as projected on a plane, by changes 
in the relative distances of the ob- 
ject, the vertex, and the plane of 
the Picture. 

17 . Isometrical Projection, its applica- 
tion and uses. 

18. Delineation of parts of Machines, 
Instruments, Tools, &c. on these 
different principles. 

19. Delineation of the Circles of the 
Sphere on a Plane; application to 
the construction of maps, and the 
solution of astronomical problems. 

20. General principles on which Light 
and Shade, and Pictorial Effect, may 
be introduced in Geometrical Draw- 
ing. 

21. Projection of Shadows, Aerial Per- 
spective Colouring. 

Considerable facility in the power of 
drawing by eye, with precision and free- 
dom, is requisite to constitute a good 
draughtsman, and is to be attained by 
constant practice in sketching objects of 
any kind from nature. 


It is hoped that the attainments of the Pupils may be such that first year’s 
Course shall comprise at least the first sixteen of the above Articles. 

N. B. Each Pupil must be provided with a Drawing-board, (at least 3 feet by 2,) 
Compasses, Drawing-pen, T Square, Rule, Scale, Indian rubber, 4 Drawing- 
pins, Stick of Indian Ink, Camel-hair Pencils, and Saucer. 

It should be observed that these Lessons will embrace a large portion qf vshat is 
called by the French, Descriptive Geometry*'' 
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king's COUUEOE^ LONDON. 


EXPERIMENTAL PHILOSOPHY. 


Pbofessor Wheatstone. P. R. S. 


. HThe first year's course will be an Ele- 
mentary one, and will embrace the sub- 
jects of So^d, Heat, Light, Static and 
Dynamic Electricity, and Magnetism. 
In the second year, the subject of the 


Lectures will be the Applications of 
Natural Philosophy to the Useful Arts, 

This course of Lectures \v ill bo gi^ on 
in the Spring. 


GEOLOGICAL MINERALOGY— Mr. J. TE^^ wi, F. G. S. 


The coarse will commonce with the 
Pf^sival and Chemical diameters of 
Minerals in general. 

Physical. — Crystallization, Cleavage, 
Fracture, Hardness, &.c. 

Chemical . — Use of the Blow-Pipe; 
Action of Acids, Ac. 

The principal simple materials will next 
be separat(‘ly examined, and the readiest 
mode of distinguishing them described. 
Earthy, Alkaline, ano AdDiFERors. 

Quartz, Garnets, Hornbhuidc, Fel- 
spar, Mica, Talc, Calcareous Spar, Ba- 
rj^’tes, Strontian, Salt, &c. &c. 

Combustible. 

Sulphur, Bitumen, Coals, &c. 

Metallic. 

Native Metals, and their combinations 
M'itli oxygen, sulphur, Ac. 


Hoiks according to their Minerai 
S lTlUCl URE. 

Primary. — Granite, Gneiss, Miea 

Slate, Porphyry, Ac. 

Secondary . — Limestoiu s, San(lbton« \ 
and Coal Measures. 

Volcanic. — La^^l, Trap, Basalt, Ac 
Mineral Veins, DyKes, Faults, Ac 


Processes employed in reducing Mttallu 
Ores. 

The instruction viill consist of aininuti 
description of all the substains s (‘iitcring 
into the comiiosition ot RocUs, or which 
are used in the Arts; illustrated by 
charactcnstie Rpecinn ns, and diagrams 
of their principal forms, stratification, 
Ac. 


Particulars of the Course in Geology, by Pkotessor Puhlu's, 
F. R. S., will be given hereafter. 

Fees for the Admission of occasional Students to separate Courses 
£ e. d, £ 8. d. 


hlathematics 4 4 0 per Term, or 10 10 0 for the 1 hrec T din*?. 

Natural Philosophy .. . 2 2 0 .... ditto 5 5 0 ditto... diito. 

Chemistry 7 7 0... ditto... ditto. 

Geological Mineralogy 2 2 0 for the Course. 

Geometrical Hi awing 2 2 0 per Term.,,. 5 5 0 ....ditto.... ditto. 


Such Students in this department as wish to study any classical 
t>r modem languages, are refeiTod to the General.^ or Tabular 
Statements for the Lectui*e hours and terms. 


LoITDOH W. PaRKKR, Bt. MARTlN'a Laxx. 








